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ABSTRACT

The purpose of this report is to review research and toI" recommend an action plan which provides possible techniques for
adjusting Army combat model outputs for different soldier
dimension (human factor) conditions. This study has been
conducted because current combat models do not adequately
portray human factors.

We reviewed previous research and determined which soldier
dimensions are most likely to influence soldier performance on
the battlefield; how different soldier dimensions affect
different types of performance; what scales have been used to
establish predictive relationships between human factors and
soldier performance; what methodological techniques have been
used to establish predictive relationships between soldier
dimensions and soldier performance; and the extent to which
soldier dimensions are currently portrayed in Army models.

We present research methodc.logies for implementation in
simulated battle and simulation devices, for using data
previously collected by others, and for surveying combat
veterans. Each methodology;

-pinpoints which human factors Are most significant
contributors to changes in soldier performance and

-identifies a quantitative relationship between multiple

human factors and soldier performance.

The overall research plan:

-spells out how soldier performance, as portrayed in models,
can be adjusted for different human factor conditions and

-discusses the use of the regression equation to adjustI soldie- performance variables in view of different adverse
conditions prior to inputting this information.

The study argues that a major consideration of whether a
particular variable should serve as a dependent variable in
subsequent research should be (1) whether the dependent variable
serves as an input to one or more Army models, and (2) whether
its alteratior would result in significant differences in combat
outcomes generated by the model.
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EXECUTIVE SUMMARY

The purpose of this report is to review research and to
recommend an action plan which provides possible techniques for
adjusting Army combat model outputs for different soldier
dimension (human factor) conditions.

We conducted this study because current models do not
adequately portray human factors. If this situation is not
corrected, model predictions may provide unrealistic estimates
of combat outcomes.

The objectives of this study are as follows:

To review previous re:;earch and determine:

-Which soldier diiuiensions are most likely to influence
soldier performance on the battlefield?

-How do different soldier dimensions affect different types
of soldier/unit performance, such as decision-making, operating
different weapons systems, etc.?

-What scales have been used to establish predictive
relationships between human factors and soldier nerfor annce?

-What methodological techniques hav- been used to establish
predictive relationships between soldier dimensions and soldier
performance?

To determine the extent to which soldier dimensions are
currently portrayed in Army models which predict combat
outcomes.

To develon a research plan which identifies a preferred
technique for quantitatively inputting soldier dimension
information into computer models so that unit perfor'aance can
be realistically adjusted iii view of adverse conditions.

Results indicated the following:

There exists a total of approximately 23 different soldier
dimensions (human factors) which significantly influence unit
performance. Not all are inuependent.

Sleep loss, stress, fatigue, training, and lcadership are
among the most frequently cited human factors in the literature.

Soldiers become militarily ineffective following 48 tc 72
Nours of no ý,leep: continuous work for /2 hours results ii. 750
performance degradation; mental tasks (including alettness) are
likely to dc,1rade quicker than physical or routine motor tasks.

ix



soldier dimensions and performance. Questionnaires, SQTs, and
ARTEPs were often used. Many scales had estimates of reliability
but few had validity data.

Most studies attempt to predict soldier performance from
human factors using parametric statistical analysis procedures.
Very few of the studies considered in this report utilized
dependent variables which could serve as inputs to models that
predict combat outcomes.

The review of selected documentation of 279 models in the
Army military community disclosed that only a single model,
JANUS(T), showed clearcut evidence of portrayal of soldier
dimensions.

We developed a conceptual model in which all soldier
dimensions (human factors) can be classified as to their
location with reference to the soldier (are they "inside" the
soldier or in the external environment?) and their endurance
(how long will the factor prevail?). According to this model all
human factors are endogenous/transitory, endogenous/enduring,
exogenous/transitory, or exogenous/enduring. This model is
presented for discussion purposes only pending its validation.

Research plans were provided for applications in simulated
combat and with simulation devices, for data previously gathered
by others, and for surveying combat veterans. Three
applications were presented in the interests of covering all--or
at least most--of the bases in this area of study.

The study plan for simulated environments or devices calls
for random assignment of crews to different sleep and fatigue
(continuous work) conditions over a 72 hour period of time.
Data is collected for baseline and at 8 hour intervals for
amount of sleep, fatigue, stress/anxiety, morale, cohesion,
motivation/will, quality of leadership, and soldier
performance. Previous experience and cognition data are also
gathered. Multiple regression is used to establish
quantitative, predictive relationships between these variables
and crew performance at different time intervals into the
battle. Following analysis, the regression equation can be used
to predict adjusted crew performance in View of different
combinations of human factors.

The approach to be used with data previously collected by
others is largely a function of which variables are available
and the format in which each is collected. If variable data is
classificatory, then factorial analysis of variance can be used
to determine which human factors are significant determinants of
soldier performance. However, only general trends can be
gleaned from classificatory data. What is needed is data
collected on continuous, equal interval scales so that multiple
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regression can be used to establish a predictive relationship
between human factors and soldier performance. Prospects for
research of this type are limited by the scarcity of good
soldier dimensions data which has been collected in a useable
format.

The research plan for surveying combat veterans:

-pinpoints which human factors are most significant
contributors to changes in soldier performance. A survey
instrument (see Appendix B) was developed and is discussed for
this purpose. Analytic procedures (magnitude estimation,
discriminant analysis, factor analysis, and factorial analysis
of variance) are also spelled out.

-identifies the quantitative relationship between multiple
human factors and soldier performance. Another survey instrument
(see Appendix C) is provided for this purpose, along with

discussion regarding how multiple regression can be used for
analysis of data.

For all three research options the report discusses how to
use the regression equation to adjust soldier performance in
view of different adverse conditions prior to inputting this
information into the model. In a nutshell, if performance
measures are used wiul" serve as inputs to combat models, then
researchers can determine future predicted performance by
substituting human factors values into the predicti, e equations
which are generated by the multiple regression procedure. This
predicted performance level, which is adjusted according to
human factor value inputs, can be inputted into combat models.
Resultant model outputs can be studied to determii.o the effects
of numerous combinations of human factor conditions on combat
outcomes.

Of utmost importance is the point that the dependent
variable ot the soldier dimensions study MUST serve as an input
to one or more Army models. The selection of a dependent
variable measure should also be guided by consideration as to
whether its alteration would result in significant differencesI in combat outcomes generated by the model. If significant
changes in a variable will not result in significant combat3 outcomes, another variable should be used.

X
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PREAMBLE

This report recommends techniques which would determine how
to adjust Army model outcomes for charges that might occur an a
result of soldier dimension (human factor) conditions on the
battlefield. This plan is not necessarily the only plan, or even
the best plan, that might be followed. However, it does provide
procedures which, if followed, will provide answers to many of
the basic questions in this area of research. We urge our
reviewers to provide constructive suggestions regarding ways to
improve this plan. Moreover, we challenge everyone in the
military scientific conrunity to formulate a better plan than

this one. Hopefully, our combined efforts will eventuate in the
implementation of one or more research initiatives that will

provide all the information needed to adjust combat outputs in
view of soldier dimension ccnditions.

I i
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CHAPTER I

INTRODUCTION

l-1. Study Purpose. The purpose of this report is to review
research and to recommend an action plan which provides possible
techniques for adjusting Army combat model outputs for different
soldier dimension (human factor) conditions. This study was
conducted because current combat models do not adequately portray
soldier dimensions* such as sleep deprivation and fatigue which

II undoubtedly have an adverse impact on unit performance and
achievement of combat objectives.

1-2. Objectives. Specific objectives addressed in this study
follow:

a. To review previous research conducted in the military*
and civilian*** communities to determine:

(1) Which soldier dimensions are most likely to
II influence soldier/unit performance?

(2) How will each dimension identified affect different
types of soldier/unit performance (e.g., decision-making, gross
motor performance, fine eye-hand coordination performance,
performance on different weapons sy5tems, etc.)?

1 (3) What scales are available for the measurement of
each soldier dimension and each soldier performance area?

* For purposes of this report, a "soldier dimension" is any
factor which alters the physical, mental, or emotional capability
of the soldier to perform his job effectively. Soldier dimensions
can exist in the environment, inside the soldier, or both. The
terms "soLdier dimension" and "human factor" are usedarI
interchangeably throughout this report.

** Military research includes results supplied by foreign
allied services.

*** Civilian research was considered because numerous
nonmilitary studies have been conducted which demonstrate
the influence various environmental human conditions
(i.e., the counterpart of soldier dimensions for
civilians) have on different kinds of performance--suchasas decision-making and gross/fine nmotor functioning.

i 1-1
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(4) What methodological techniques have been used to
establish predictive relationships between soldier dimensions and
soldier performance?

b. To determine the extent to which soldier dimensions are
currently portrayed in Army models w'iich predict combat outcomes.
This portion was conducted in con uiction with the Personnel
Service Support (PSS) in Army Models AR 5-5 study (POC: Major
James R. Thomas, TRAC-FBHN, AV 699-6883).I

c. To identify a possible technique for quantitatively
inputting soldier dimension information into computer models so
that unit performance can be realistically adjusted in view Cr
adverse conditions.

1-3. Problem.

a. Current computer models which predict combat outcomes do
not adequately portray soldier dimensions which degrade unit
performance. For purposes of illustration, a unit which has had
little sleep during a 72-hour period of intensive conflict probably
will not perform as well as a fresh unit. Nevertheless, current
combat models fail to take into account the performance degradation
that is likely to result when soldiers are required to fight forprolonged periods of time under adverse conditions.

b. This problem is critical in view of current AirLand
Battle doctrine, which calls for continuous combat operations under
exceedingly adverse, life-threatening conditions. Failure to solve
this problem would mean that computerized models will continue to
exclude soldier dimensions when predicting combat outcomes. As a
result, model predictions may provide unrealistic estimates of
combat capabilities which could result in poor planning and
deficient readiness for future AirLand Battle conflicts.

1.4. Scope.

a. This study is nonexperimental in that it neither concerns
data collection, data analysis, the testing of hypotheses, nor
other such empirical activities. Rather, this study largely
consolidates and builds on the work of others in the interests of
developing an action plan which will provide a technique that
adjusts combat outcome predictions of computer models based on
different combinations of soldier dimension conditions.

b. This study focuses primarily on the impact that different
soldier dimensions have on group or unit--rather than individual--
performance. This bias is a reflection of the assumption thatfl battle outcomes are inherently determined by group or unit

]-
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performance. There can be little doubt that specifýc individuals
and individual diffevences are important deterwi'. -t- of battle
outcomes. Nevertheless, the collective nature of warfare calls for
a focus on group performance.

c. This study focuses on high-quality, applied research
res,•its published within the last five years which investigated
predictive relationships between relevant independent/predictor
(soldier dimensions) and dependent/criterion (performance)

* variables.

1.5. Limitations.

a. As mentioned above, this study was largely limited to a
review of previous work done in this area, rather than the conduct
of experimental methodological techniques. For this reason, many
of the conclusions are an outgrowth of previous findings.

b. This study was limited by stipulated manpower resources
of 1.1 PSY. A study with such a broad scope as this one could
easily take several times this amount of work. Limited resources
disallowed the perusal of entire books on related topics.

c. This study was limited by the necessity to considerI particular types of soldier performance, such as decision-making,
gross motor functioning, fine motor functioning, and performance on
specific weapon systems, etc., rather than performance of specific
military tasks. This limitation is a reflection of the impossible
undertaking of attempting to relate multiple soldier dimension
variables to literally thousands of military performance
tasks--each of which might have slightly different
relationships--with different soldier dimensions.

1-6. Assumptions.

a. Soldiers are human beings whose performance is influenced
by various conditions under which they are required to function.
These conditions--called soldier dimensions--might reside within
the individual (e.g., fatigue), in the surrounding environment
(e.g., extreme temperatures), or both (e.g., extreme stress as a
result of numerous casualties). Soldiers are "fighting machines"
to the extent that they have been properly trained to perform
certain tasks under peacetime and wartime conditions.
Nevertheless, actual soldier performance will vary according to the
unique combination of soldier dimension variables which impinge on
the unit at any given time. Other soldier dimensions include sleep
loss, motivation/will to fight, moralu, unit cohesion, quality and
naintenance of training, high altitude, humidity, toxicity (i.e.,
nuclear fallout), cognitive abilities as measured by the Armed
orces Vocational Aptitude Test, and so on. This list is by no

1-3
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means exhaustive.

b. Soldier dimensions are attributes which can be reliably
and validly measured.

c. Soldier performance can be reliably and validly measured.

d. If we know the relationship between different soldier
dimensions and soldier performance for a known group of soldiers,
we should be able to predict soldier performance given different
combinations of soldier dimension information fou future soldiers.
If all relationships can be described in mathematical terms, then a
simple program or programs could be written which would adjust
soldier performance in view of different combinations of soldier
dimension conditions. This program could be added to existing
models so that combat outcomes could ultimately be adjusted in view
of expected degradation of soldier performance which results from
various conditions under which soldiers are required to fight.

e. Because the research problem has to do with the
delineation of the relationship between (and among) multiple
predictor (soldier dimension) variables end multiple criterion
(soldier performance) variables, the assumption is made that the
underlying relationship is multivariate in nature. In other words,
different soldier dimension variables are probably simultaneously
influencing each other and various performance variables in
different ways. Because of this complex, interactive relationship
among the different variables, the effects that all soldier
dimension variables have on performance when all impinge
simultaneously on the soldiers (as in the real world) WILL PROBABLY
NOT BE ADDITIVE. For purposes of illustration, it a particular
kind of soldier performance is degraded by 45 percent for sleep
deprivation, 30 percent for extreme anxiety, and 30 percent for
fatigue, then the soldier is functioning at the -5 percent
level--which makes no sense. Obviously, some overlap will probably
exist in the predictive power of the different soldier dimensions.
Whatever methodology is used to ascertain this relationship will
have to be sensitive to this overlap. Otherwise, estimates of
performance degradation will be inflated.

1-4



CHAPTER 2

BAII
2-1. Soviet doctrine presently calls for conducting continuous
warfare, day and night, until the enemy is defeatcd. A strategy of
replenishing battle-weary troops by echeloning forces is expected
to force outnumbered US/NATO forces into sustained combat on a
battlefield characterized by confusion, extreme stress, high
intensity, and high lethality (FM 22-9, 1983). Unlike Soviet
troops, which will be replaced every two or three days of fighting,
our soldiers cannot count on replacements. They must conduct
continuous land combat with only brief or fragmented opportunities
for rest or sleep (Belenky, 1987). Continuous operations (CONOPS)
is continuous land combat with some opportunity for sleep, although
sleep may be fragmented or brief. On the other hand, sustainedoperations (SUSOPS) provides no opportunity for sleep (FM 22-9,
1983). Within any CONOPS, periods of SUSOPS are likely to occur.

2-2. Soldiers are "fighting machines" in that they have been
trained to perform combat tasks and to achieve combat objectives,
but they also are human beings with critical abilities that are
depressed by continuous combat. When these critical abilities are
depressed, performance of combat tasks is degraded, both in terms
of perfor•taiacn time and the quality of performance. Combat task
performance is eroded, and combat objectives are not met even
though soldiers might be highly motivated and well-trained (FM
22-9, 1983).•

2-3. If soldier performance is degraded by the Army's need for
continuous combat for lengthy periods of time, then models which
predict combat outcomes should adjust outputs in view of
anticipated degradation. Unfortunately, models which control for
this human degradation factor are the exception, rather than the
rule. Why haven't they? Possibly because some sponsors of models
are unaware of the probable impacts of the omission of the human
element. But even more likely is the fact that pressures to "get
on with it" postponed the inclusion of human consid( ations
(Lester, 1986). Efforts to include human factor information in
models have been hampered by a shortage of human factors data
needed regarding fundamental physiological and psychological
processes at all levels of combat operations (Thomas, 1986).
Apparently few psychological studies have been undertaken with a
view to what military analysts need, but neither have analysts
provided clearly-stated specifications regarding wnat is needed to
address the human factors issue. In the meantime, professional
working groups in the field have identified lack of data and
modeling attention on human factors as serious problems confrcnting

i the modeling community (Thomas, 1986).

2-1
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CHAPTER 3

STUDY METHODOLOGY

3-1. MethodologicAl procedures. Procedures employed are described
under the different Essential Elements of Analysis (EEA) which
follow.

3-2. EEA #1.j ich soldier dimensions are most likely .9_

influence soldier/unit performance? An extensive literature search
was conductt.. through literally hundreds of journal articles,
research reports, books, and symposium reports to identify products
which relate to soldier dimensions, human factors, and soldier
performance in continuous operations. The literature search
included utilization of the automated Defense Technical Information
Center. A total of 42 products (see Figure F-I in Appendix F) wcere
identified which provided discussion and/or research related to at
least several soldier dimensions - as opposed to only a single
factor. Results appear in Figure F-2 in Chapter 4. Please note
that Figure F-2 provides only a global indication of the collective
opinions of authors of studies in this area. A tecnnique for
analytically determining which soldier dimensions are most
important determinants of performance is provided under EEA#6.

1-1 Af2: How do seach dimension identified above affect
difrent types of soldier/unit performance (e.g., decision-making.
gross yotor performance, fine eve-hand coordination performance.
performance on different weapons systems. etc.)? Given the limited
resources available to conduct this study, comprehensive review of
all studies regarding all types of soldier dimension variables was
not feasible. Instead, we concentrated on products identified in
the literature search in EEA#1 which summarized or reviewed
findings in each of the soldier dimension areas. Results appear in
Figure F-3 in Appendix F.

3-4. EEAo3: -0 what extent are soldier dimensions currently
portraved in Army models which predict combat outcomes? Original
plans calling for the circulation of a questionnaire to address
this issue were rendered unnecessary by a separate action which
elicited the needed information. Major James Thomas at TRADOC
Analysis Command - Fort Benjamin Harrison (AV 699-6883) recently
headed up a study team which reviewed selected documenta- tion of
279 models in the Army military community. This initiative was
part cf the Personnel Service Support (PS in Army-LoIs an AR
5-5 study. Results presented for this EEA in Chapter 4 are from
this review.

3-5. EEA44: How can each soldier dimension and each so de_

performance area be measurer]? During the review of literature (see

3-1
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I In actuality, many different dependent variables could be used in
conjunction with specific combat models. For purpomes of
illustration, we described the use of "lay time" for tile 25mm
cannon on the Bradley Fighting Vehicle. This dependent variable
inputs nicely into the JANUS(T) model. These procedures arn
described and explained further in Chapter 4.
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CHAPTER 4

I$SUE ANALYSIS

4-1. E of Analysis #1: Wghich soldier dim ens1j..Q
are most likely to influence soIdier/unit p~trforman_7

a. Figure F-I in Appendix F shows a total of 23 soldier
dimensions were identified by different authorities as having a
relationship with soldier performance during continuous
operations. This number was reduced to 19 to avoid redundancies.
(See the explanatory note on the front page of Figure F-i in
Appendix F.) Definitions of these factors appear in Appendix A.

b. Figure 4-1 (see next page) presents the frequency that
each soldier dimension was cited across the products identified in
Figure F-i. A frequency of I was assigned for a particular soldier
dimension if it was mentioned one or more times in a product. The
total frequencies for each soldier dimension (the total number of
products which mention each soldier dimension) divided by the
number of products gives the percentage of products that mention
each dimension. For example, sleep loss (69.0 percent) and stress
(69.0 percent) were cited most frequently followed by mental
fatigue (64.3 percent), physical fatigue (61.9 percent), leadership
(61.9 percent), cognition (54.8 percent), training (54.8 percent),
cohesion (52.4 percent), morale (50.0 percent), and will/motivation

_ (50.0 percent). Those mentioned least frequently include
confinement/isolation (11.9 percent), altitude (9.5 percent), and
national differences (7.1 percent).

c. These percentages provide a very rouQh indication of the
importance of each soldier dimension in influencing soldier
performance--at least in the collective opinion of authors of
recent human factors articles. This conclusion is based on the
assumption that topics which are more frequently cited are probably
considered more influential than their less frequently mentioned
counterparts. In other words, logic indicates that authors will
write about human factors that are most likely to be
influential--and ignore the rest. We reviewed numerous
nonexperimental articles to insure adequate representation of
soldier dimensions which might be considered important.

I rd. Please note that Figure 4-1 provides literary support,
rather than analytic proof, of the relative influence of different
soldier dimensions. This information was gathered for background
information purposes only. A procedure for analytically
determining the relative importance of each factor is provided
later in this Chapter.
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4-2. Essential Element of Anrypj#: owOejsan
id ied above aet die l1 rLqn.L rf
(e.g. decision-ma I Q.• ross Motor performance. Line eve-hand
9"12 _Trtio v Peworalce, performance oD (;U -nLoý t M_e~tc.)? The review of findings in each of the soldier dimension

areas are summarized in Figure F-2 in Appendix F.

4-3. Element of Analysis - To what extenar! oldier_
dimensions currently portr~ved in Army models wtih9Xeict combat_
outcoMes? We reviewed the Catalog oe Simulation Models and
Wargames Used for Unit and Leadership Training (January, 1987), the
Inventory of TRADOC Models (January, 1988), and visited several
organizations that are major users of Army models. Results indicate
that only a single model -- JANUS(T) -- showed clearcut evidence ofportrayal of soldier dimensions.

a. JANUS(T) is a two-sided, stochastic, ground force model
designed for conflict at up to BLUE brigade versus RED division
force levels. The model focuses on individual fighting system
engagements and assessments with aggregation capability up to
company size elements. The JANUS(T) code is event-sequenced, runs
in near real time, and uses probabilistic solutio,i techniques. For
more information regarding JANUS(T), refer to JANUS(T)
Documentation, published by the U.S. Army TRADOC Analysis Center;
White Sands Missile Range, New Mexico, 1986.

b. JANUS(T) portrays heat stress and "in" and "not in" a
chemical protective environment. Units portrayed as in MOPP by
JANUS(T) have more limited ability to move, detect, and fire (US
Army TRADOC Analysis Center, White Sands Missile Range, NM, 1986).

4-4. Essential Element of Analysis {4: flow can each soldier
dimension and each soldier performance area be measured?

a. Resource constraints precluded a comprehensive review of
soldier dimensions studies. Nevertheless, Figure F-3 (see Appendix
F) provides a cross section of different types of measurement
devices, procedures, and scales which have been used to quantify
human factors and soldier performance. Descriptions of instruments,
procedures, and scales follow each measurement de-vice, along with
information regarding reliability and validity. Lack of
information following an instrument indicates neither reliability
nor validity information was provided by the author(s). Such was
the case regarding at least some of the measurements for
reliability, and nearly all regarding validity. Unfortunately, the
lack of reliability and validity data calls into question whether
scales utilized provide consistent, genuine estimate: of the humanfactors and abilities they purport to measure.

4-3
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b. Human factor measurement procedures ranged from heartbeat
rate and percent of maximum oxygen uptake during fatiguing exercise
to questionnaires which quantify sleep loss, stress, and leadership
skills, among others Because many of the human factors related to
individual or personal behaviors, feelings, and experiences, there
is little surprise that questionnaires were preponderant in the
assessment of these areas. Respondents typically were asked to
rate statements regarding intrapsychic phenomena (i.e., tiredness
or stressfulness) on a Likert Scale of 1 (very low amount) to 5
(very high amount). Exceptions to this rule were exhibited by more
objective measurements utilized in some studies such as reported
number of hours of sleep or rest during a specified time period,
temperature, and weight in pounds of soldier loads.

c. Soldier performance was typically measared by Skills
Qualifications Tests (SQTs), Army Training Evaluation ProgramsI (ARTEPs), weapons qualification, performance on simulation devices,
and even questionnaires. Once again, the lack of reported
reliability and validity data measurements was almost universal.
Although reliability data is typically gathered on SQTs, it was not
reported. Lack of validity data for SQTs and ARTEPs is not a major
problem: Most SQTs and ARTEPs have face validity in that subject
matter expert panels have reviewed and revised procedures until
they measure critical skills. On the other hand. validation of
simulation outputs is particularly important to verify their
relationship with actual performance.

d. Despite the review of several hundred soldier dimensions
studies, no examples were found which measured terrain, visibility,
suppression/noise, altitude, confinement/isolation, national
characteristics, and jet lag. Part of this lack of representation
might reflect the fact that the research community feels that these
factors are not as significant as others -- at least not at the
present stage of soldier dimensions research. Furthermore, some of
the factors, including supression/noise, confinement/isolation, and
national characteristics are not as easily researched as other
areas. Other factors, such as terrain and visibility, are
classificatory variables which cannot be measured on a continuous
scale. Finally, altitude .zould be easily measured by feet above
sea level. Although numerous Air Force studies regarding altitude
have been conducted, coverage of this factor in land-battle
application studies appears to be meager.

I 4-5. Essential Element of Analysis r5: What methodological
techniques have been used to 2stablish predictiv! relationships

I between- §odie dimensions and performance?

a. Table F-4 in Appendix F presents the experimental
objectives anc statistical methodologies erployed in a number of

4-4II,. . .. .
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soldier dimension studies. These studies, which relate to the
effects that sleep loss, fatigue, cognitive factors, toxicity,
cohesion, and motivation have on performance, are representative
of the hundreds which were reviewed. "Predictive
relationships" in EEA #5 is interpreted as any attempt to
ascertain how performance varies with changes in human factors.
This broad definition was embraced to ensure the consideration
of the wide range of methodological techniques used in soldier
dimension studies.

b. Conclusions drawn from the review of research include
the following:

(1) Although a few studies employed nonparametric
statistical techniques such as Chi Square and the Spearmar Rank
Correlation, the overwhelming majority used parametric
techniques. Parametric techniques used in studies reviewed
include the Pearson Product Moment Correlation Coefficient,
analysis of variance, the t-test, multiple regression, and
factor analysis. All these techniques are explained in
Foundations of Behavioral Research (Kerlinger, 1973), and
Multiple Regression in Behavioral Research (Kerlinger and
Pedhazur, 1973).

(2) The studies generally tried to accomplish one or
more of the following!

-Development of a human factor scale - Factor analysis was
frequently used for this purpose.

j -Determination of how soldier performance is affected by
changes or differences in human factor conditiu s. Analysis of
variance and t-tests for independent and related groups were
often used.

-Establishment of noncausal, predictive relationships between
performance and human factors. Pearson correlations and
multiple regression were often used in these studies. Stepwise
multiple regression was particularly popular.

(3) Slightly more than half of the studies utilized
univariate statistical techniques. The remainder employed
multivariate methods. Univariate methods are those which are
limited to one independent variable and one dependent variable.
Multivariate techniques, on the other hand, are those analytic
methods which have more than one independent variable or more
than one dependent variable or both (Kerlinger and Pedhazur,
1973). According to this definition, multiple regression and
factorial analysis ot variance, both of which have two or more
independent variables arid one or more dependent variables, are
multivariate techniques. (Some authorities define multivariate
as any analytic method which has two or more dependent
variables.)
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(4) Multiple regression was the most widely used
technique. It was used in approximately 20 percent of the
studies. Step-wise multiple regression (see Kerlinger and
Pedhazur, 1973) was particularly popular.

(5) None of the studies utilized dependent variables
(or outputs) that could serve as inputs to models.
Understanding of how much soldier performance degrades as a
function of human factors in and of itself is not enough. We
also need to have the capability of inputting the adjustments
into combat models. In order to do this, the outputs of human
factors studies must serve as inputs to models. Unfortunately,
relatively few studies have met this standard.

4-6. Essential Element of A.nalysis #6: What snecific actions
need to be taken to determine the quantitative
interrelationships among soldier dimension and soldier
performance variables? This section presents general
considerations for soldier dimensions research followed by three
separate methodologies which address EEA #6. Three
methodologies are provided in the interests of most of the bases
regarding soldier dimensions research. More specifically, the
section is divided as follows:

a. General considerations for soldier dimensions
research,.

b. Methodology to be used in simulated environments or
when using simulation devices.

c. Methodology to be used for soldier dimensions and
performance data previously collected by others.

d. Methodology to be used to draw on the experience of
veterans.

Individuals interested in using simulated environments or
simulating devices should refer to paragraph b. Researchers who
wish to use data collected by others should refer to paragraph
c. Those who wish to draw on the experience of combat veterans
should refer to paragraph d. Advantages and disadvantages of
all these methodological approaches are presented in Figures F-5
to F-8 in Appendix F. individuals who are contemplating soldier
dimensions research should begin by reviewing these charts.

Before we begin, a few words need to be said about the use
of sub-fect matter expert (SME) panels for research in this
area. Specific approaches utilized with SMEs often include
open discussion and the utilization of the "Delphi" technique,
which attempts to converge on tne "right" answer via successive

m querying of SMEs. The use of SME panels was not considered in
this report because, relative to the other approaches mentioned
above, this approach i3 much nore -subjective and lacking in the

I



quantitative precision necessary to sort out the simultaneous
effects that multiple independent variables have on soldier
performance. SME panels can be a source of valuable information
for many types of military research; however, this approach is
not recommended for soldier dimensions research.

a. General Considerations

(1) Neither this nor any other single study plan will
provide answers to all the questions in this area. Quite the
contrary; knowledge regarding human factors will become
substantiated only as findings are verified or replicated by

independent research teams throughout the Department oi
Defense. Hopefully, this study will shed some light on issues
which impact on the problem, and provide direction for future
research. If it serves no other purpose than to stimulate
discussion--critical or otherwise, which furthers the growth of
knowledge in this area--then this study will have been
worthwhile.

(2) Any procedural methodology which attempts to
quantify the impact that human factors have on performance
should take into account the following: In the real world,
multiple human factors simultaneously and interactively impinge
upon combat performance, which is a product of the orchestration
of numeroun military tasks at critical times. In view of this
complexity, a multivariate study design, which determines the
effects that multiple independent variables have on one or more
performance variables is more likely to address critical issues
than those that have a single independent variable. If all
human factors were independent of each other (i.e., were
uncorrelated), then the amount of degradation in performance
explained by each would be additive. But such is unlikely to be
true. For this reason, multivariate methods that adjust
degradation accounted for by a single factor, after controlling
for all others, is needed. Only methods such as this will
provide accurate information regarding the extent to which
performance should be adjusted given differing suldier dimension
conditions.

(3) Outputs (soldier performance or dependent
variable measures) of human factor methodologies should serve as
inputs to Army combat models. If outputs of a study cannot be
translated into inputs for models, results are unlikely to be
used by the modeling community. How can we adjust combat
effectiveness in accordance with human factor conditions if we
cannot input differential levels of soldier performance into
models?

(4) The three different methodologies presented
complement each other. Each has advantages and disadvantages
(see Figures F-5 to F-8 in Appendix F). Nevertheless, if high
quality research is conducted we should see similar patterns
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emerge from all threc methodologies. Then and only then will we
have true understanding how soldier performance varies in
accordance with different soldier dimension conditions.

(5) The methodology must spell out how different
human factors of different severity levels impact on soldier
performance at different time periods in a battle. For example,
perhaps during the first 24 hours severe stress is a more
salient determinant of soldier performance than very limited
amount of sleep. However, by 72 hours, the cumulative effects
of the same amount of sleep each night might supersede
degradation due to stress. And variation of hum, an factor
conditions at different times might further complicate matters.
Battle times must be varied to deteri.tine differential effects
that result from different combinations of human factor
conditions at different time intervals into the battle.

(6) The methodology must take into account the
different kinds of human factor variables that exist in the real
world. Hunan factors can be categorized in terms of whether
their impact on performance is due to changes inside the soldier
(endogenous factors, such as sleep loss, stress, and fatigue) or
outside the soldier (exogenous factors, such as inclement
weather or toxicity), and according to the extent to which each
human factor is subject to change over a relatively short period
of time (i.e., transitory vs enduring). For example, the impact
some human factors have on pcrformance can hie atered in short
periods of time (e.g., a good night's sleep might significantly
alter the influence of several sleepless nights).

(7) Other human factors, such as cognition and
national differences, might not be so easily altered. Figura
4-2 (see next page) represents a single model we developed which
displays these differing characteristics ot human factors.
According to Figure 4-2, all human factors can be classified
into Endogenous/ Transitory, Endogenous/Enduring,
Exogenous/Transitory, and Exogenous/Enduring. Please note that
this model is presented for purposes of discussion and as a
tentative way to classify soldier dimensions until the model can
be validated. The model would be validated if these four
factors emerge from factor analysis results. Otherwise, the
model should be revised and/or discarded in view of factor
analysis findings. More information regarding the validation of
this model is presented later in this Chapter.

(8) Human factors and performance data should be
collected at 8 hour intervals to determine the effects of time
and changes in human factor conditions on performance. Eight
hour intervals are used because this time period is sufficiently
short to be sensitive to changes in soldier performance and yet
long enough so as to not overly burden soldiers with data
collection procedures. Endogenous/eriduring human factors such as
cognition will probably not require daily reassessment like
endogenous/transitorv factors, such as sleep loss and fatigue,
because they are not expected to change over a few days.

4 - H
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(9) One of the major analytic techniques which is
mentioned time and time again for all methodological approaches
is stepwise multiple regression. This approach is reasonable
because it provides answers to the major soldier dimensions
research questions. A stepwise multiple regression procedure
tells:

-Which human factors collectively are most predictive of
soldier performance?

-What are the relative weights, or importance, of the
predictors in explaining performance? (Which does the best job,
second best job, etc?)

-Which human factors are relatively unimportant in predicting
performarce?

-How will future soldiers perform given differing human
factor conditions? This information would be provided by the
predictive equation which is a by product of multiple
regression. Further elaboration on this point is presented
later in this Chapter.)

b. Methodology to be used in simulated environments or
when using simulation devices.

(1) This methodology would be appropriate to use in
simulated combat environments, such as the National Training
Center at Fort Irwin and with simulated combat systems, such as
the Simulation Networking (SIMNET) system at Fort Knox. For
purposes of illustration, the SIMNET system, which simulates
tank crew operations, is used. Data could be collected on at
least nine of the soldier dimensions mentioned elswhere in this
1report. hese include sleep loss, fatigue, stress/anxiety,
morale, cohesion, motivation/will, previous experience,
cognition (if Armed Forces Vocational Aptitude Battery (ASVAB)
scores are available), and quality of leadership. Figure F-9
(see Appendix F) provides information regarding how information
should be collected on each variable. (For further information
about SIMNET, contact the SIMnET Program office, Perceptronics,
Inc., 21135 Erwin Street, Woodland Hills, CA 91367.]

(2) Crews should be assigned to random sleep
schedules of from 0 to 8 hours of sleep for each 24-hour
period. Likewise, crews should be randomly assigned to
continuous work schedules which comprise 60 to 100 per cent of
the time they are awake. "Continuous work" will consist of crew
performance of duties in the SIMNET tank. The total experiment
would last 3 full days and nights--a total of 72 hours.
Randomly generated numbers from a simple BASIC program using the
R•4D command could be used. Whatever schedule is randomly
determined for each crew should be maintained throughout the 72
hours of the experiment. For example, the crew which is

I
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assigned two hourswill be on continuous duty for all but two
hours for each 24-hour period for the duration of the
experiment. This means only two hours of sleep per night.

(3) Data on sleep loss, fatigue, stress/anxiety,
morale, cohesion, motivation/will, and quality of leadership
should be collected at eight-hour intervals in accordance with

Figure 4-3 (see next page), the Data Collection Schedule.
Previous experience and cognition need to be collected only once
at the onset of the research project because these variables are
unlikely to change over short time periods.

(4) Data on crew performance, such as average target
acquisition time for each 8-hour tine period, should be
collected along with soldier dimension variables during a

baseline 8-hour period of time and at 8-hour intervals
throughout the remainder of the experiment (see Figure 4-3).
This measure of performance--target acquisition time--is used
for purposes of illustration only. In actuality, the researcher
should always ensure that the soldier performance which is an
outpuW of the soldier dimension study should serve as an input
which would make a real difference in the combat model to be
used. Also, researchers should try to ensure that all tank
crews are provided relatively similar scenarios which control
for number of enemy tank exposures across crews to the greates-t
possible extent.

(5) Familiarization with SIMNET and opportunities to
practice with SIMNET should be provided prior to the baseline
period. Ideally, at least 200 crews should be used in view of
the analytic techniques to be used. Nevertheless, 60 or even 25
to 30 would work, although less confidence could be placed on
results with the smaller number of crews.

(6) Determination of which soldier aimenslon. are
most important determinants of soldier p(rformance is provided
by a stepwise multiple regression procedure: This procedure
would determine the quantitative relationship between the
different soldier dimensions and performance. A comprehensive
description of this technique is provided in F.N. Rerlinger's
Mutiple Regression in Behavioral Research (see Kerlinger and
Pedhazur (1973) in references at Appendix E). The primary
reason stepwise multiple regression is recommended is because it
provides answers to the questions posed by
this project. No other methodclogy addresses these questions as
well as stepwise multiple regress~on. This procedure will

* determine:

-Which combination (linear composite) of human factor
variables collectively aid simultaneously do the het job of
predicting estimated combat pertormance? Conversely, which
soldier dimension variables are not ncedOe (add nothing unique
above and beyond th," linear cumpositte) lor the prediction of
soldier performance?

• - 11

I -



'I (DM C

Cl r U) CC

I 0-C" ,-L L) a5

'~.0 CC0 CC LXW
I L WO F 0 z -Z

ZN 1 C4) fN F-

In w W(D
'CO xl cc co

00 CCW00 :00~ =
CO0~ z cro

CfJ :c z(Y)r- 0 0 >--N (D H~I~ 0
CV ) CO C o

N~ - 00 3:001 X
0 0 ( - Q C Y F -4 V N F--Q

(D~ C) U)) CLO~ 0

z z z~c

>- ( ~~0 0~ 6

<< w < w < <J WIIL u u )u I U) < W ~-j IXWOWCO< j0

1 4-12



-What is the magnitude of the relationship between the

soldier dimensions and soldier performance? This information
determines the strength of the relationship--whether it is mild,
moderate, or strong.

-Which soldier dimension variable does the best job, second
best job, etc., of predicting soldier performance? This
information is provided by the stepwise entry of the different
predictor variables into the multiple regression equation (see
Kerlinger, 1973).

-How will future soldier perforrm given different
combinations of human factor conditions? Performance estimates
can be made from the regression equation that is produced by the
multiple regression analysis. These estimates should increase
or decrease in accordance with the different values assigned to
different soldier dimension conditions. The answer to this
question provides the answer to EEA#
7 which is considered later in this report.

(7) Please note that the importance of soldier
dimensions in predicting performance might vary with the amount
of time on the simulated battlefield. For example, cohesion and
morale might be relatively more important predictors of soldier
performance during the first 24 hours than after 43 hours on the
simulated battlefield. For this reason, separate stepwise
multiple regression analyses must be performed on data collected
at each 8 hour interval.

(8) A few cautionary notes are needed regarding the
use of multiple regression. Problems regarding its use can
occur if relationships between individual predictors and soldier
performance are not linear, in which case step-wise curvilinear
regression might be used (see Kerlinger, 1973). The researcher
should be on the lookout for situations when multiple regression
residuals might not be normally distributed (see Norusis, 1986),
when data is skewed (data can be transformed to achieve
normality), and multicollinearity.

(a) Multicollinearity refers to situations in
which some or all of the predictor variables are very highly
intercorrelated. "Very highly" is emphasized because in most
regression analysis applications some or all of the predictor
variables wili be correlated. As a matter of fact,

intercorrelation of predictor variables is one of the reasons
multiple regression was developed as a technique. However,
extreme intercorrelation can result in inability of the c=mputer
program to calculate the multiple R and reduced reliability of
regression coefficients.

(b) Multicollinearity does not render regression
analysis ineffectual. Ways to counteract this problem include
eliminatioxi ol one ol the piublemi predictor vdriables or
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I combining both into a single variable (as in factor analysis).

p d c (c) Please note: An alternate non-stepwise
procedure could be used, which would determine the predictive
relationship between all soldier dimensions (considered
simultaneously) and soldier performance. However, the inclusion
of a large number of predictor variables is seldom a good
strategy. Irrelevant variables often increase the standard error

of estimate without improving prediction. In selecting variables
to be included in a regression model, the goal is to build a
concise model that predicts reasonably well (Norusis, 1988).
Stepwise regression eliminates unimportant predictors. For thisreason, we recommend the stepwise alternative.

c. Methodology to be used for human factors and soldier
performance data previously collected by others.

(1) Analysis of data collected by others might seem
appealing in that the actual study will have been
conducted--leaving only the analysis of data and interpretation
of results. Nevertheless, good soldier dimensions data is hard
to come by. And even if the data is obtained, the likelihood of
data on specific needed variables being collected in a usable
format is slim. For example, will data be collected on a
soldier performance variable that serves as an input to models
which predict combat outcomes?

(') The most useful data collected by others would
all be on equal interval, continuous scales. In other words,
all data would have scales with scores like what appears in
Figure F-13. Such data can be used to provide answers to
Essential Element of Analysis #6 using stepwise multiple
regression procedures as demonstrated in the previous section.
This data is much more useful than data that is classified into
high/medium/low, or some other classification scheme. Equal
interval, continuous data like the examples in Figure F-13 have
the requisite precision for the formulation of predictive
algorythms, in addition to determination of which soldier
dimensions are most significant predictors of soldier
performance. In contrast, classificatory data can only
provide the latter.

(3) Figure F-14 in Appendix F shows how
classificatory data can be graphed, and Figure F-15 shows how
factorial analysis of variance can be used to determine which of
several soldier dimension factors seem to be most highly related
to soldier performance. F-16 provides models which compare
changes in performance across different levels of sleep/fatigue
and time in hours of the battle.

I d. Methodology to be used to draw cn the experience of
veterans. This section is subdivided into Phase I, which
determines which 1ium•tn tactors are most important determinants

I
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of soldier performance, and Phase II, which identifies the
predictive relationship between and among multiple human factors
and soldier performance.

(1) Phase I

(a) The Phase I Human Factors Survey (see
Appendix B) was developed to determine the relative importance
of various human factors in relation to soldier performance.
The instrument portrays most types of human factor/ soldier
dimension variables identified in the human factors model
(Figure 4-2). Variables include human factors that are
endogenous/transitory, endogenous/enduring,
exogenous/transitory, and exogenous/enduring are presented with
variable frequency (low, medium, and high) and duration (two to
six days). Timo duration was omitted for enduring human
factors.

(b) The reliability of the Phase I instrument
(see Appendix B) r.eeds to be determined using Kuder-Richardson
Formula 21 (rKP 2 1 ; Stanley and Hopkins, 1972):

rKR2 1 = (ks 2  M(k-M)/(k-l)s

wpere M = the survey mean,
s" the survey variance, and
k the number of items on the survey.I

(c) The survey utilizes a magnitude scaling
format which, if properly utilized, often results in much
greater precision of measurement of sabjective opinion than
other types of scales. Respondents are requested to provide

numerical estimations to linee of different lengths (Part 1) to
familiArize them with the response format. This technique
facilitates the elicitation of proportional responses when
respondents are asked to make judgements regarding soldier
performance (Part 2). The extent to which proportional responses
are made can be documented by the correlation of actual and
estimated line lengths (in millimeters) from Part 1 results.

* (Additional explanation is provided below.)

(d) The sample instrument asIs respondents to
make judgements regarding how much "time to lay" (get enemy
target in gun sights following identification) varies with
different human factor conditions, during continuous battlefield
operations, in comparison with performance of the averagesoldier under ideal conditions.

(e) "Lay time" for the 25mm cannon on the
Bradley lighting Vehicle is recommeenled as a dependent variable

4 -1
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because this is an input to JANUS(T) (and other models) which,
if significantly altered, will result in differences in combat
effectiveness outputs. This situation was used also because the
25mm cannon engages a wide variety of targets and provides a
situation with which most veterans could identify.

(f) Please note that other dependent variables
and scenarios could have been used with other models. For
example, the amount of time to identify the the enemy target,
time to prepare weapon for firing, time to acquire target with a
variety of weapons, and time to kill (or probability of killing)
the enemy target are a variety of dependent soldier performance
measures that could be used in human factor methodologies.
Perhaps even an entire series of multiple, additive dependent
variables could be used that sum up to the required time to the
entire sequence needed to identify, prepare, acquire, and kill
the enemy target. These are the types of inputs that are needed
for models. The important point to remember is that soldier
performance variables must be "modelable." Once again, what
difference does it make to know that certain human factors
result in degradation in soldier performance, if there is no
way to input that degraded performance into the combat model?

(g) A middle-level intensity scenario is used
because most models operate at this level.

(h) A pilot sample of Vietnam veterans with
combat specialties should be selected utilizing random selection
procedures. Subjects will be stratified within enlisted and
officer categories based on the highest rank held while in
Vietnam. Random selection from the population of active Army
members will systematically control different respondent
variables that might influence results. Survey results will be
solicited by mail. Sample size requirements for both categories
will be determined by use of the following formula which
determines sample sizes (n) for estimating population means
within a specified confidence interval (McClave and Dietrich,
1985, p. 318).

n = (Z 2 alpha/2 S2 )/B 2

where Z is the standard score for half the alpha level decided
upon,

S is a "best guess" of the population standard deviation,
and

B is the margin of acceptable error (for example, .05).

(i) Analysis of Phase I results should consist
of the following:

1 Magnitude estimation methodology (Lodge,
1981) should be used to determine which individual items are
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most highly related to changes in soldier performance. Data
analysis is performed by conversion of responses to common logs,
calculation of arithmetic mean of the common logs for each item,
and conversion of these arithmetic means to geometric means, the
measure of central tendency for magnitude estimation. Comparison
of geometric means will determine which items are most highly
related to changes in performance. Magnitude estimation should
be used because this procedure often establishes a ratio scale
which has more precision and power than categorical scales, and
paves the way for use of advanced parametric statistical
techniques. Such scales have been validated (shown to be a
ratio scale with equal intervals) via the correlation of actual
line lengths drawn by subjects and their numeric estimates of
line lengths. (See Lodge, 1981.) This procedure should be
conducted with numeric estimations and actual line lengths from
Part 1 of the survey to provide evidence that the scale elicits
genuinely proportional judgments.

2 Factorial analysis of variance should be
used to determine how estimated soldier performance varies as a
function of type of human factors, frequency and duration of
each factor. The three-way analysis model (Figure 4-4 on next
page) will provide information regarding the relative effects of
each human factor on estimated soldier performance, as well as
the effects of possible interactions between/among type of
factor, frequency, and duration. The Scheffe post hoc procedure
will be used to pinpoint differences between/among different
contrasts following the finding of overall statistical
significance for interactions (rows x columns, rows x slices,
columns x slices, and rows x columns x slices), and main effects
(comparisons of rows). (See Kerlinger and Pedhazur, 1973, for a
description of the Scheffe technique.)

3 Separate discriminant analysis procedures
should be used to determine whether estimated soldier
performances for all items vary as a function of rank and MOS of
respondent. In general, discriminant analysis is used to
determine whether a classicificatory variable (i.e., rank) can
be predicted from multiple variables with continuous scale data
(i.e., estimated soldier performance for all questionnaire
items). Discriminant analysis is similar to multiple regression,
except th,,t the variable being predicted is classificatory. For
our purposes discriminant analysis will provide an answer to the
following question:

Does a statistically significant, predictive relationship exist
between soldier performance estimates of the multiple
questionnaire items and rank of respondents?

If the answer to this question is "no," then we know that
soldiers of different ranks and MOS are likely to provide
similar soldier performance estimates. This knowledge would
indicate that soldier performance estimate data for all ranks
should be pooled into a single sample for subsequent data
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analysis. If the answer is "yes," further research is needed to
determine the reason for different estimates across various
ranks and MOS.

4 The researcher should also use the
Pearson Product Moment Correlation to determine if relationships
are found between soldier performance estimates and age and
experience of respondents. Once again, significant
relationships should be researched to determine why performance
estimates vary across these variables.

5 Factor analysis should be used to
determine which items intercorrelate into factors which explain
the greatest amount of variance in estimated soldier
performance. Factor analysis is a procedure which reduces a
ilarge number of variables into a few groups of clustered,
i..terrelated items or factors. Factors which emerge frequently
identify underlying major characteristics of data patterns which
are not directly observable. These underlying patterns can be
given names which clarity, describe, and define the relationship
they might have with each other and other variables.

When factor analysis is conducted, a principal components
analysis could be used to derive orthogonal or uncorrelated
linear combinations of observed variables. Varimax rotation
should be used to minimize the number of variables that have
high loadings on a factor. This should enhance
interpretability. Finally, factor scores should be computed for
all factors which explain significant pLoportions of variability
in soldier performance estimations. Descriptions of all these
procedures are available in Advanced Statistics SPSS/PC+ for the
IBM PC/XT/AT (Norusis, 1986' or any text on advanced statistical* analysis techniques.

6 In conclusion, magnitude estimation,
factorial analysis of variance, and factor analysis are
complementary procedures which could be used to detarmine which
variables are to be used in Phase Ii. The final determination
is more of an artistic, than a scientific, endeaver. The
researcher must select no more than six soldier dimensions for
the next phase. The researcher should look across results of the
three techniques and choose those which have significant
relationships with perfoLmance on two or more techniaues, For
example, if sleep loss and fatigue load highly on a factor which
explains a considerable amount of performance variance, and if
they both have high geometric means on magnitude estimation
results, then they both should be considered for use in the next
phase. Soldier demensions which look particularly strong on
only one of the methodologies should be used as a last resort.

7 In a very real sense, Phase I results
will serve to provide construct validity for the survey
instrament uLsed in the next phase. lonstruct validity is prooi
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that a survey or test is measuring a particular construct.
Constructs are variables that have evolved from theory or
observation. For purposes of illustration, factor analysis
results might suggest that soldier performance scores for sleep
loss, physical fatigue, and mental fatigue cluster together into
a factor (or construct) we might wish to call Battle Weariness.
Factor analysis results not only determine which factors or
ccnstructs are being measured by the questionnaire. The factor
lc dings also would provide analytical evidence that the
questionnaire is a valid measurement of a factor or construct we
choose to call Battle Weariness. Others might disagree with the
name we assign to the attribute, but they cannot dispute the
existence of the factor itself.

8 While factor analysis will tell us what
constructs the questionnaire is measuring, magnitude estimation
and factorial analysis of variance will tell which individual
human factor variables do the best initial job of predicting
soldier performance. Phase I reduces the number of human
factors to the few that seem to do the best job of explaining
soldier performance. These few are then further investigated in
Phase II. Final selection of human factors for Phase II should
be determined by consideration of which are most importantI determinants of soldier performance both collectively in factor
ani:lysis results and individually in magnitude estimation and
fa: zorial cindlysis of variance results.

(2) Phase II. Phase I showed how to use survey data
fr,' veterans to determine which soldier dimensions are most
hi(.] y related to changes in soldier performance. Phase II
denc strates how to use survey data from vetturans to establish a
preý ctive relationship between and among multiple human factors
and oldier performance.

(a) An example of a survey which could be used
to o tain necessary data for Part II is in Appendix C. This
surv y is similar to the one used in Phase I in that it has the
same scenario, an introductory exercise which requires both
numerical estimates of line lengths, and requires estimates
regaiiing combat effectiveness defined as "lay time" using the
25mm cannon on the Bradley Fighting Vehicle. H-';ever, the Phase
II survey is different from Lhe other in that i. licits single
soldier performance responses to multiple human ."ctor
conditions in existence for different time periods. A total of
100 items are used - ten items are presented for each of 1 to
ten days into battlefield operations defined by six values
assigned to different human factors. The six factors used will
be determined by Phase T results. The investigator should
assign values to the six factors based on numbers generated by a
random number program. The assignment ot random number values to
human factors will ensure an unbiased range of data for each
human factor. Nevertheless, restrictions should be imposed to
ensure that values oI d. fi(_,rent hunian factor5-rs ,ire aitiin
conditions anticipaite] cni future battIcficld.;.
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(b) A limit of six human factors was maintained
in light of previous findings that individuals can mentally
process only about seven bits (plus or minus two) of information
at one time (Miller, 1956; cited in De Cecco, p ge 354). Six is
used because, beino within the lower range of s yen plus or
minus two, this number should not overtax respc I--nts with more
information than can be effectively processed.

(c) The number of respondents required for the
Phase II survey should be determined by the formula used for
the same purpose in Phase I. The respondents should consist of
a randomly selected group of active Army soldiers stratified
within enlisted and officer classifications.

(d) Analysis of Phase II results should consist
of the following:

_ Internal validity of the scale should be
determined using the same magnitude estimation procedures used
in Phase I: That is, numeric estimates of line lengths and
actual line lengths from Part 1 of the survey should be
correlated to provide evidence that the scale elicits genuinely

-- proportionate judgments.

2 Data should be computerized as deviations
fro- th.. r.ferenc, lay tie- mean. Because soldier respondents
are asked to make estimates in comparison to a standard on the
Phase II survey, some of the deviations will be negative
numbers. If negative numbers are not desired, the deviations can
be transferred to standard T scores, which eliminate negative
numbers, using the formula

T=50+IOZ, where 7= raw score - mean
standard deviation

T scores have a mean of 50 and a standard deviation of ten3 (Stanley and Hopkins, 1972).

3 The reliability of the Phase II survey
should be determined. Reliability provides an estimate regarding
how consistently the instrument is measuring whatever it
measures. In this application we are concerned with test-retest
reliability, or reliability over two different administrations.
Test-retest reliability provides an estimate regarding whether
soldiers would provide similar responses if they took the same
survel two different times. Test-retest reliability should be
determined by administering approximately ten randomly selected
items from the Phase II survey to a minimum of approximately 30
soldiers twice with an intervening period of two to three
months. (The two surveys must be identical in all
respects--including the values assigned to each soldier
dimension factor.) This time period is selected because it is
sufficiently long that soldiers will torget initial responses to
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specific items but not long enough to alter survey responses as
a result of new soldier experiences following the first session.
Following this data col action, a Pearson Product Moment
Correlation Coefficient should be calculated between the pairs
of first and second responses for all soldiers for each of the
ten items. Ten correlation coefficients should be calculated in
all. The ten coefficients should provide an indication of how
stable estimates of soldier performance are over two separateadministration.

4 All human factors data should be
regressed against soldier performance estimations using a
stepwise multiple regression procedure. This procedure will
determine the following:

-Which combination (linear composite) of human factor
variables collectively and simultaneously do the best job of
predicting estimated soldier combat effectiveness? Conversely,
which human factor variables are not needed (add nothing unique
above and beyond the linear composite) for the prediction of
estimated soldier performance?

-What is the magnitude of the relationship between the human
factors and estimated soldier performance? (The answer to this
question is obtained by squaring the multiple R, which provides
-n indication of the peruentage of the variance in soldier
performance that is explained by the human factors in the
regression equation.)

-Which variable does the best job, second best job, etc., of
predicting estimated combat effectiveness?

-How will future soldiers perform given different
combinations of human factor conditions? Performance estimates
can be made from the regression equation that results from the

multiple regression analysis. These performance estimates
should adjust or degrade soldier performance in view of the
different human factor conditions on the battlefield.

r5 Please note: An alternate non-stepwise
(full regression model) procedure could be used, which would
determine the predictive relationship between all human factors
(considered simultaneously) and soldier performance. However,
the inclusion of a large number of predictor variables is seldom
a good strategy. Irrelevant variables often increase the
standard error of estimate without improving prediction. In
selecting variables to be included in a regression model, the
goal is to build a concise model that predicts reasonably well
(Norusis, 1988). Stepwise regression eliminates unimportant
predictors. For this reason, we recommend the stepwise
alternative. 6 l A. mentioned earlier, the primary reason

stepwise mrult iple regression is recormended is because it
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provides answers to the questions posed by this project. No
other methodology addresses these questions as well as stepwise
multiple regression. Nevertheless, the researcher is urged toconsider the cautionary notes about multiple regression
mentioned earlier in this Chapter.

I 4-7. Essential Element of Analysis # 7: What specific actions
need to be taken to develop a technigue for quantitatively
inpuinar soldier dimension variable information into exlstig.
Iomputer models so that unit performance can be realistically
adjusted in view Q. variable conditions? This section is
divided into procedures to be used for simulations and
previously-collected data methodologies, on the one hand, and
for the survey of veterans, on the other.

a- Procedures to be used for simulations arid
previously-collected data.

(1) The reader will recall that stepwise multiple
regression can be used for all three methodologies presented in
the last section. For this reason, the same general approach
can be used to adjust soldier performance in accordance with
differing soldier dimension conditions for all three
methodologies presented in section 6. Nevertheless, specific
comments for the survey of veterans methodology are presented in
pardgrdph b below.

(2) The key to addressing EEA # 7 lies with the
employment of multiple regression statistical analysis which
adjusts or degrades the dependent variable that serves as an
input to one or more combat models. The multiple regression
technique which we have been discuissing does this quite
nicely. The formula for the regression equation used for this
calculation follows (Kerlinger and Pedhazur, 1973):

Y' = a + blX1 + b2X2 + ... bkXk where

Y' = Predicted or adjusted estimated soldier performance.

bl, b2, ... bk = Regression coefficients associated with
human factors 1 through k.

X1 , X2, ... X 2 = Values for different human factor
predictors.

a = an intercept constant

(3) Please note that this equation should permit us
to determine the impact that various combinations of changes in
different human factor values have on estimated soldierI performance. But how is this information inputted into models
which predict combat outcomes? The procedure could be simple.
For both the sinulation.; and previous data collection
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methodologies simply substitute the raw score values into the
above equation, multiply each against its respective regression
coefficient weight (determined by most multiple regression
software), add the products to a constant (also determined by
most regression software), and you have a predicted soldier
performance score. This predicted soldier performance score,
which is adjusted up or down according to the particular
combination of soldier dimensions values which are inputted into
the equation. In essence, the regression equation permits
future predictions regarding performance to be made based on
past results (i.e., data gathered during simulated combat or
human factors and performance data gathered from a previous
study).

(4) How do we input this information into computer
models so that soldier performance can be adjusted in view of
different soldier dimension conditions (e.g., an average of 20
hours of work and 1.5 hours of sleep per day)? Please recall
that, regardless of which methodology is used, the authors have
urged researchers to use soldier performance measures that can
be inputted into one or more combat models. The reason for this
condition is so that predicted soldier performance adjustments
from the regression equation above can be inputted directly into
a model.

(5) Please note that the researcher can determine the
effects that numerous different combinations of soldier
dimension conditions have on combat outputs by simply
substituting different soldier dimension values into the
regression equation above and inputting the result into a
model. Comparison of the model outputs will show the effects
that different combinations of soldier dimension values have on
combat outcomes. While sore combinations might result in
minimal changes, other soldier dimension values might result in
major changes in combat outcomes. Furthermore, the comparison
of combat outcomes with and without "adjusted" performance
inputs will tell the difference that soldier dimension
conditions make in combat outcomes.

(6) Once the data analysis is completed, the
calculation of adjusted performance is easy and inputs are
entered in the combat model, much the same as they are now. (The
only difference being that inputs will be adjusted in view of
changes made by the regression equation.) This methodology can
be done without any major changes in the computer model! This
advantage should have particular appeal to individuals whoI believe that soldier dimensions have little impact on combat
outcomes. This rethodol.og permits this hypothesis to be tested
for a variety of combinations of human factor conditions.

(7) Please note that performance levels can be
adjusted using the same procedure for both Blue and Red troops.
Just input the di.fterent soldier dimension vaes into similar
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predictive regression equations--one for Blues and one for
Reds--and input the adjusted performance values into the Blue
and Red model inputs, respectively. The assumption here is that
soldier dimensions should affect Reds the same as Blues--so the
same predictive regression equation is used for both. But
different soldier dimension values (e.g., 2 hours of sleep per
day for Blues versus 8 hours for Reds) should be used to reflect
the different constraints under which tlhe two forces must
fight. And different soldier dimension values should resul] in
differential adjustment of soldier performance for Blues and
Reds, which should translate into different performance for
each when they are inputted into a combat model. However, the
researcher should also understand that differences between Red
ana Blue tactics, strengths, and doctrine will interact with
soldier performance in such a way as to bring about different
battle outcomes.

b. Procedures to be used for thc survey of veterans
methodology.

(1) The procedure is very simple: Determine the
extent of change in predicted soldier performance (from the
reference standard on the survey), and input this percentage of
increase or decrease into combat models. If "lay time" is used
as the soldier performance to be predicted, first determine how
a paLticuiar combination of human factor values affect lay time.I If one combination resulted in a 0 per cent increase in lay
time, then no changes should be made in the lay time inputs of a
combat model. But if another combination determined a twenty
percent increase in lay time, then this percentage of increaseshould be inputted in the model, so the changes (if any) in
combat outcomes can be observed.

I (2) More specifically, suppose a certain combination
of human factor values resulted in a predicted soldier
performance of 3 seconds, which is 0 seconds from the standard

of 3 seconds. (3 - 3 0.) Recall that all raw scores should be
computed as deviations from the given referencO mean "lay time"
of 3 seconds, and transformed to standard T scores (T=50+lOZ)
with a mean of 50 and a standard deviation cf 10. if this
transformation is made, a predicted so 1 dier performance score of
0 (from the regression equation above) would result in a
transformed performance score of 50. (50 + 10(0) = 50.) A
transformed soldier performance predicted value of 50 indicates
no degradation as a rerult of the combination of human factor
values which were in etfect. ln this case, lay time inputs to
combat models which predict-outcomes would not be varied at all,
because no degradation occurred.

(3) On the other hand, it another set of human factor
values resulted in a different transformed T score of 60, this
transformed predictive value indicates a 2o percent degradation
or increase Ln "lay --le" a1 a resu;lt. o., i ce:t'_air combination
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of human factors values. (60 - 50 = 10; 10/50 = .20 or 20 per
cent.) This percentage of increase should be inputted into JANUS
or other combat models by simply increasing the "lay time"
inputs for the 25mm cannon on the Bradley by 20 percent. The
effects on combat effectiveness indicators could then be
reviewed by perusal of appropriate model outputs.

(4) In similar fashion, modelers could experiment
with numerous combinations of different human factor values to
determine the extent to which percentages of change in estimated
soldier performance associated with each impact on combat model
outcomes. Furthermore, the comparison of model outcomes with and
without human factor information could provide valuable
information regarding relative impact of soldier dimension
information on soldier performance.

I (5) Once again, the same predictive regression
equation can be used with different soldier dimension values to
determine adjusted soldier performance levels for Reds and
Blues. Different value inputs into the equation will result in
differential outputs which are then inputted into the combat
model.

1 4-8. Summary. We have reviewed previous research in the
soldier dimension area and the extent to which soldier
dimenksions Are portrayed in Army models. We identified specific
techniques for determining which s. Idier dimensions are most
si.nificant predictors of soldier performance using three
different methodologies including data gathered in simulated
combat, previously collected data, and surveys of combat
veterans. We provided instructions for how tc use the
regression equation to obtain adjusted soldier performance
levels in view of different combinations of soldier dimensions
values for all three methodologies. Finally, we provided
instructions regarding how to input adjusted performance levels
into models to determine the effects that different combinations
of soldier dimensions conditions havu on conbat outcomes.

4-9. Which method is best? In closing, different reviewers
will probably disagree as to which methodology is the best to
use. As we indicated earlier, each methodology has specific
advantages and disadvantages. Which is chosen will probably be
a function of what is feasible rather than which is the best.
NeverthEless, each wethodology has at least some merits, and for
this reason, we view them as complementary procedures which
should provide relatively consistent results. For this reason,
the researcher might wish to validate the results of one type of

methodology by using another--particularly if the other one has
been validated. For example, survey results could be validated
against data gathered in a simulated combat setting. We willnever truly understand the way soldier performance varies as alunction of soldier dimensions until we start getting relatively

similar inzwcr-s iron di . ..... .
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CHAPTER 5

CONCLUSIONS

5-1. The purpose of this report is to review research and to
recommend an action plail which provides alternative techniques
for adjusting Army combat model outputs for different soldier
dimension (human factoi) conditions. This action plan is
presented in Chapter 4 and summarized in Chapter 6. Major
conclusions which led up to the formulation of this plan are
presented in this Chapter.

5-2. If soldier performance is degraded by the need for
continuous combat for lengthy periods of time, then models which
predict combat outcomes should adjust outputs in view of
anticipated degradation. Unfortunately, very few models
presently portray human factors.

5-3. A total of 19 different soldier dimensions (human factors)
were identified as possibly having a relationship with soldier
performance during continuous operations. The human factors are
sleep loss, stress, physical fatigue, mental fatigue, morale,
cohesion, will/motivation, experience, cognition, weather,
terrain, training, toxicity, leadership, visibility, altitude,
confinement/isolation, national differences, and jet lag.

5-4. Human factors most frequently cited in articles and
reports regardirg sustained and continuous operations include
sleep loss, stress, physical and mental fatigue, leadership,
training, cognition, cohesion, morale, and will/motivation.

5-5. Results of studies indicate:

a. Soldiers become militarily ineffective after only 48
to 72 hours with no sleep.

b. A degradation of 75 percent in performance on most
tasks occurs after 72 hours of work with no sleep.

c. Cognitive abilities begin to degrade as soon as 18
hours into sustained operations.

d. Physical performance and well-practiced, routine motor
tasks degrade less rapidly than those that require alertness,
concentration, reasoning, decision-making, and leadership
abilities.

e. Stress is likely to significantly impede the combat
effectiveness of some soldiers; stress casualties are expected
to be as high as 1:4 to 1:3 in comparison to WIAs.

I5!1
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g. Relatively high levels of cohesiveness, morale, and
will/motivation reduce stress casualties and pDrtjally offset
degradation due to other human factors such as sleep loss and
fatigue.

h. If all other factors remain equal, soldiers with
better leadership, superior training, and higher mental aptitude
perform better on the battlefield.

i. Extremes in heat, rough terrain, and high altitudes
cause fatigue which degrades performance; and cold weather
impedes manual dexterity required in operation of equipment.

j. Poor visibility caused by fog, weather conditions, or
smoke reduces battlefield performance.

k. Performance in MOPP gear is degraded due to the
heat-containing and bulky nature of the suit and gloves.
Performance accuracy in MOPP gear is often maintained at the
expense of speed.

1. Numerous scales are available for the measurement of
human factors and soldier performance. Human factors
measurements ranged from heartbeat rate, temperature in degrees
Fahrenheit, and maximum of oxygen uptake during exercise to
number of hours of sleep during a time period and Likert-scale
questionnaires which rated tiredness or stressfulness. Soldier
performance was typically measured by Skills Qualifications
Tests, Army Training Evaluation Program results, weapons
qualification, performance on simulation devices, and even
questionnaires. Lack of reported reliability and validity was a
problem for both human factor and soldier performance
measurements.

5-6. The majority of studies which attempted to predict
performance from human factors used parametric techniques. More
than half were univariate--the rest were multivariate. Multiple
regression was particularly popular. Unfortunately, none of the
studies reviewed utilized dependent variables (outputs) that
could serve as inputs to models: This finding severely limits
the applicability of results for use by the modeling community.

5-2
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CHAPTER 6

RECOMMENDATIQNS

6-1. General recommendatio ps. Neither this nor any other
single study will provide answers to all the questions in the
human factors area. Quite the contrary, knowledge regarding
human factors become substantiated only as findings are
verified or replicated by independent research teams throughout
the Department of Defense. Hopefully, this study sheds some
light on issues and provides direction for future research: If
it serves no other purpose than to stimulate
discussion--critical or otherwise--which furthers the growth of
knowledge in this area, then this study will have been
worthwhile.

The following general recommendations are made for future
research in the human factors area:

a. In the real world, multiple human factors impinge
interactively and simultaneously upon combat performance, which
is a product of the orches;tration of numerous military tasks.
For this reason, human factors research should employ
multivariate study designs, which determine the simultaneous
effects that multiple independent variables have on one or more
dependent variable6. FuLrt-hermore, the interrelationship of
different human factors mandates the use of a methodology which
controls for the overlap in predictability. Multiple regression
analysis meets both of these stipulations.

b. Dependent variables or outputs of human factors
studies must serve as inputs to Army combat models. Otherwise,
results are unlikely to be used by the modeling community.

c. Three major approaches to human factors studies
exist--collection of data during simulated exercises, the use of
previously-collected data, and surveying combat veterans. Each
method has advantages and disadvantages which complements the
others. For this reason, we recommend that all three approaches

I be implemented.

d. The Human Factors Model presented in this report
provides a useful way to organize soldier dimensions in future
research. This model, which designates all human factors as
endogenous/transitory, endogenous/enduring,
exogenous/transitory, and exogenous/enduring, should beI validated by factor analysis -i other procedures to determine
the extent to which soldier factors intercorrelate within such
dimensions. In the meantime, the model provides a useful way of
classifying different human factors.

e. Future research irust also take into account the
l, LI ect o
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that different combinations oa interactions among tylg_ of human
factors by different intensities of human factors by different
tm have on soldier performance. For purposes of
illustration, a MODERATE amount of FATIGUE might be a more
significant determinant of soldier performance than a SEVERE
loss of SLEEP for a time periud that is TWO DAYS into CONOPS.
On the other hand, a SEVERE loss of SLEEP on the THIRD DAY of
CONOPS might be much more important than MODERATE FATIGUE. An
interactive model is necessary to sort out such differences.

6-2. 5gecifiq recommendations, The purpose of this report is
to review research and to recommend an action plan which
provides techniques for adjusting Army combat model outputs for
different soldier dimension (human factor) conditions.
Abbreviated versions of methodologies to be used for simulated
combat and simulation device situations, for data gathered by
others, and for the surveyina of combat veterans follow.
Detailed instructions are provided in EEAs #6 and #7 in Chapter

I 4.

a. Steps for simulated combat and simulation devices.

(1) Assign a minium of 25 crews to random sleep (from
0 to 8 hours a night) and random fatigue (continuous work from
60 to 100 percent of nonsleeping time) schedules to be
mdintained for up to '2 hours.

(2) Collect data on amourt of sleep, fatigue,
stress/anxiety, morale, cohesion, motivation/will, and quality
of leadership at eight hour intervals. Collect data on previous
experience and cognition prior to experiment.

(3) Collect data on bascline crew performance and at

8 hour intervals for the d.ration of the experiment. Crew
performance must be:

(a) a variable that is capable of being inputted
into the combat model in question.

(b) a variable that when inputted into a model
is capable of having a significant impact on combat outcomes.

(4) Perform separate data analyses using stepwise
multiple regression for baseline and for each 8 hour interval of
the experiment. This provides information regarding which human
factors are significant predictors of soldier performance--and
which are not, as well as a predictive multiple regression
equation (explained below)

b. Steps !or data collected by others ,includinc
historical data).

IG
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(1) Find soldier dimensions and performance data.
Good, reliable data in useable format is hard to find.

(2) Type of data analysis determined by format of
data.

(a) Strive to obtain data on equal interval,
continuous scales. This requirements permits multiple
regression analysis, which tells which variables are significant
predictors, and produces a predictive equation (explained
below).

(b) Classificatory data only provides
information regarding how soldier performance varies across
various levels of different human factors. Factorial analysis
of variance can be used to analyze classificatory data. But
this analysis does not produce a predictive equation.

c. Steps for surveying combat veterans.

This methodology is divided into Phase I and II.

(1) Phase I: Determines which human factors are most
important determinants of soldier performance.

(a) Administer Human FduLurs Survey instrument
for Phase I (Appendix B) to a randomly selected sample of
Vietnam Veterans who are still in the Active Army.

.1 The survey asks respondents to make
judgments regarding how soldiers perform in combat given a
m.--level intensity scenario under different kinds of human
factors with different intensities and duration of each.

2 The sample should be stratified within
officer and enlisted categories as determined by the highest1 rank held while in Vietnam.

3 The sample size should be determined by
use of a formula for estimation of population parameters within
a specified confidence interval (see EEA# 6 in Chapter 4).

4 The internal consistency reliability of
the scale needs to be determined using the Kuder-RichardsonFormula 21 procedure.

(b) Select a dependent variable measure that
serves as an input to one or more Army models and which, if
varied, will result in significant differences in combat
outcomes. "Time to lay" using the Bradley Fighting Vehicle was
used in the Human Factors Survey : strument for Phase I because
it meets both criteria in regard "-o the JANUS model.
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(c) Analyze results using the magnitude
estimation procedure which will

. indicate which individual items are most
highly related to changes in estimated soldier performance.
(Determined by the calculation of geometric means across all
subjects for each human factor item.)

.validate the survey scale by providing
evidence (or lack thereof) of a ratio scale of measurement.
(This consists of correlating two response modalities--numerical
estimation and line drawing--to the same judgements for a
randomly selected subsample of at least 30).

(d) Analyze results using factorial analysis of
variance, which determines the extent to which estimated soldier
performance varies as a function of type of human factor, factor
intensity, and factor duration. (See the three-way Anova modelprovided under EEA#6 in Chapter 4.)

I (e) Analyze results using separate discriminant
analysis procedures which determine whether estimated
performance differences for different items vary as a function
of rank and MOS of respondent. Correlations should be conducted
between performance estimates, on the one hand, and age and

SofLrespondrt-s, n th-e Uit1:.

(f) Analyze soldier performance estimates using
a factor analysis procedure using principal components analysis
and varimax rotation. This procedure will determine which
survey items intercorrelate into orthogonal factors which
explain the greatest amount of variance in estimated soldier
performance. This analysis should also provide an indication of
the degree to which the Human Factors Model proposed in this
study has construct validity.

(g) The results of the above analytical
procedures should be used to determine which human factors are
most significant determinants of estimated soldier performance.
Soldier dimensions which emerge as having significant
relationships with soldier performance on two or more of the
procedures (magnitude estimatation, factorial analysis of
variance, and factor analysis) should be used in Phase I1. Human
factors that have a particularly strong showing on only one
analytic procedure might also be used. No more than six soldier
dimensions should be used in Phase 11.

m (2) Phase I]: Identifios the predictive relationship
between and among multiple human factors and estimated soldier

* performance.
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(a) Administer the Human Factors Survey for

Phaae II (Appendix C)to a randomly selected sample of VietnamVeterans who are still in the Active Army.

.1 The survey is similar with
respect to scenario and response formats used in Phase I;
hIwever, it is different in that each item requires a single
estimate of soldier performance to situations with six human
factor conditions in existence for different periods of time. A
total of 100 items should be presented--b items for each of 1
to 10 days into battle. The human factors used in this portion
are determined from Phase I results. Values for each factor are
determined by a computer program which generates random numbers
within practical ranges.

2 The sample size should be determined by
use of a formula for estimation of population parameters within
a specified confidence interval (see EEA#6 in Chapter 4).

3 The same dependent variable employed in
Phase I should be used.

4 Determine internal validity of the scale
(verify that it is a ratio scale) by using magnitude estimation
techniques used in Phase I. (This consists of correlating two
response modalities--numerical estimation and line drawing--for
the same judgments for a randomly selected subsample of 30.)

5 Determline the internal consistency
reliability of the scale using the Kuder-Richardson Formula 21.

(b) Analyze results using a stepwise multiple
regression procedure, which determines which of the human
factors are significant predictors of soldier performance, and
provides a predi:tive equation used in the final research step
(see next paragraph).

d. All three approaches (collection of data during
simulated exercises, use of previously-collected data, and
surveying veterans) mentioned above utilize stepwise multiple
regression, which provides the following information:

-Which combination of human factor variables collectively
and simultaneously does the best job of predicting soldier
performance?

-What is the magnitude of the relationship between the
composite of human factor predictors and etinmated soldier
nerformance?

Ib
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-flow will future soldiers perform given different
combinations of human factor conditions?

d. The answer to the final question above provides a way
to adjust soldier performance in models in accordance with human
factor conditions. Performance can be adjusted by using the
regression equation which predicts an adjusted performance level
given different values for human factor predictors. More
specifically, the regression equation takes the following form:

Y'=blXl + b2X2 + ... bkXk + K where

Y' = predicted or adjusted soldier performance
b!,b2,...bk = Weights for each significant human factor

predictor (determined by regression analysis computer program)
up to k predictors.

XI,X2,...Xk=Values for different human lactor predictors
up to k predictors.

F= A constant (determined by the regression program).

(1) How do we input this information into computer
models so that performance can be adjusted in view of different
soldier dimension conditions (e.g., an average of 1.5 hours of
sleep and 20 hours of work per day)? The reason we have urged
researchers to use soldier performance measures that can be
inputted into one or more combat models is so that predicted
soldier adjustments from the above regression equation can be
inputted directly into the model in question.

(2) The effects that different combinations of
soldier dimension conditions have on combat outputs can be
tested by simply substituting different soldier dimension values
into the regression equation above and inputting the result into
a model. Comparison of model outputs will show the effects that
different combinations of soldier dimensions values have on
combat outcomes. While some combinations might result in
minimal changes, others might result in major changes in combat
outcomes. Furthermore, the comparison of combat outcomes with
and without "adjusted" performance input.; will indicate the
difference that soldier dimensicn conditions make in combat
outcomes.

(3) If the simulations or previously-gathered dataI options are used, the calculation of adjusted performance is
done using the above predictive equation. This adjusted
performance level then is inputted into the combat model, much
the same as inputs are entered now. (The only different is that
inputs will be adjusted in view of changes made by the
regression equation.) Model outputs can then be examined to
determine what difference the particular combination of soldier
dimension values makes ini combat outcomes. A variety ot
combinations of different soldier dimension
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I
values can be tested to determine their respective impacts on
combat outcomes. Furtkiermore, the comparison of combat outcomes
with and without "adjusted" performance inputs will indicate the
difference that soldier dimensions make in combat outcomes. And
all of this can be done without altering a single program line
of the combat model!

(4) If the survey of combat veterans option is used,
simply transform all responses on the Phase II survey to
standardized T scores with a mean of 50 and a standard deviation
of 10. Then run the regression analysis program on the Phase II
survey data to derive the values needed to plug into the
regression equation (see above). Next, substitute human
factor values that are expected into the equation above, using
the weights and constant provided by the regression analysis
output. Inputs into the model, such as "lay time" for the 25mm
cannon on the Bradley, can then be altered by whatever
percentage of increase or decrease that the predicted value
comes from the mean of 50. ('or example, a predicted value of
60 is 20 per cent higher than 50.) If the "average" or usual
lay time input into the model is 2.8 seconds, this figure could
be increased or decreased by 20 per cent or by whatever
percentage of inctease or decrease that comes from the
regression equation prediction.

Se. Using the procedure just described, combat
effectiveness outputs of models can be adjusted for degradations
as a result of different human factors without altering the
model programs one iota! Adjustments are made by altering the
inputs in accordance with regression equation predictions. This
procedure can be used to determine what different effects on
combat outcomes might result from different combinations of
human factor conditions over various time durations.

f. The same predictive equation can be used for Red and
Blue forces. Simply input the different soldier dimension
values into the predictive regression equation. Then input the
adjusted soldier performance levels into the model in question.

i g. Results of adjusted combat effectiveness predictions
from Army models must be validated to determine the. realism or
accuracy of adjustments. Given the assumption that. the model
under consideration has been validated, which isn't always the
case, validation of adjusted combat cutcomes could consist of
comparisons ol predictions against simulated battle results
given differing human factor considerations.

6-3. Soldier dimenslons research is complex and "dirty_.'_/
Research in this acea is very complex, and does not lend itselt
to straightforward, "clean" designs that are univeosally
embraceC by the : cientific comnnunity as being methodologically3 Sound. iks a



Sresult, almost any research effort in this area will be attacked
in view of various shortcomings, disagreement over assumptions,
etcetera. The temptation is great to throw up our collective
hands and say that research in this area is "too hard," if not
impossible.

I a. We do not believe that soldier dimensions research
such as what is outlined in this report is impossible. We have
presented step-by-step procedures which could provide at least
tentative answers to many of the difficult questions that must

be addressed before soldier dimension variables are inputted
into Army models.

I b. The techniques outlined in this report are presented
as options to consider for further research in this area. The
plan described herein is not necessarily the only plan, or even
the best plan, that is available. However, the plan does provide
procedures which would contribute to our understanding of how to
adjust combat model outcomes in view of soldier dimensions
conditions.

6-4. CQnclusions, In closing, we challenge our reviewers to
provide constructive suggestions regarding ways to improve this
research plan. Moreover, we challenge anyone in the military
reserach community to formulate a better blueprint than this
one. Hopefully, our combined efforts will result in the
implementation of a series of research initiatives that will
provide all the information needed to adjust combat outputs in
view of soldier dimension conditions.

I
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APPENDIX A

DEFINITIONS

1. Altitude - How far above sea level the battlefield is.
(Reduced oxygen at high altitudes is likely to impair physical
and cognitive performance.)

2. Cognitive factor - Various mental abilities which can be
measured on standardized tests such as the Armed Services
Vocational Aptitude Battery.

3. Cohesion - A feeling of group unity which entails common
interests, goals, and responsibilities.

4. Confinement/Isolation - Being confined or the feeling of
being isolated on the battlefield.

5. Coordination - Gross (large muscle) and fine (v4.sual-motor)
coordination.

6. Decision-Making - The ability of someone in charge to make
sound, logical decisions in view of available information.

7. Experience - The amount of time in combat soldiers have
actually worked on a daily basis in a particular specialty.

8. Human Factor - see soldier dimension. Both terms are used
interchangeably in this report.

9. Jet lag - Temporary disruption of the normal biological
rhythms following long distance airplane travel across several
time zones. Closely related to the circadian rhythmic cycle.

10. Leadership - Ability to lead so as to exact maximum effort
toward achieving objectives on the battlefield.

11. Mental fatigue - Extreme tiredness which results from
prolonged exercise of mental processes.

12. Morale - Mental condition in a group which consists of
cheerfulness and confidence.

13. National characteristics - Differences between soldiers of
Armies from different countries which might affect performance.
For example, german soldiers are very strong disciplinarians and
the Japanese have a history of tenacity in the face of
over-whelming odds.

14. Physical fatigue - Extreme tiredness which results from
prolonged and/or considerable physical exertion during combat.

A-1
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15. Sleep loss - loss of sleep over a specified period of
time. Often quantified as the number of hours sleep suftained
for a specified time period. (Closely related to the circadian
rhythm cycle, which varies soldier alertness as a function of
time of day.)

16. Soldier dimension - any factor which alters the physical,
mental, or emotiona.l capability of the soldier to perform his
job effectively. Soldier dimensions can reside within the
individual (e.g., fatigue), in the surrounding environment
(e.g., extreme temperatures), or both (e.g., extreme anxiety as
a result of numerous casualties).

17. Soldier load - The weight foot soldiers are required to
carry on or en route to the battlefield.

18. Stress - Extreme anxiety which results from fear of injury
or loss of life during combat.

19. Suppression/Noise - The deafening noise of the battlefield,
and the reduced return of fire which is likely to result from
it.

20. Terrain - A physical description of the major geophysical
features of the battlefield. Examples include flat, hilly,
forest, mountainous, desert, or urban areas.

21. Toxicity - The presence of nuclear, biological, or chemical
agents on the battlefield. This dimension often refers to
degradation in performance which results when soldiers wear MOPP
gear.

22. Training - Resident and unit training. (Training decay is
included under this dimension because it results from inadequate
refresher training or opportunity to practice the tasks in
question.)

23. Visibility - The ability to see what is happening on the
battlefield. Visibility might be hampered by nightfalil, fog,
weather conditions, or smoke.

24. Weather - Variations in temperature and humidity (including
fog, rain, snow, storms, and other inclement conditions) which
affect the soldier's ability to fight.

25. Will/Mot ivation - Willingness to do whatever is necessary
to fight and win.

! -*
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i HUMAN FACTORS SURVEY - PHASE I

The Human Factors Survey on the following pages provides aprototype instrument which can be used to estimate the extent to
which soldier performance varies as a function of type andintensity of different soldier dimensions. It was developed tobe used to determine which of numerous soldier dimensions aremost significant determinants of soldier performance. Thesurvey, which is designed to be completed by active Armyveterans, defines soldier performance in terms of "lay time" tosight an enemy using a 25 mm cannon on a Bradley fighting
vehicle. However, the soldier performance task can be changed tosuit the needs of the researcher or modeler. Part 1 provides abrief exercise which familiarizes respondents with the response
format. Part II solicits estimates of soldier performance.

I
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APPENDIX B

HUMAN FACTORS SURVEY .;, ,.,

Phase I

Instructions: Thank you for agreeing to take this survey. Its
purpose is to help determine how vuch combat effectiveness is
altered by adverse human factor conditions such as loss of
sleep, extreme fatigue, etc. Only combat veterans of Vietnam who
are still in the active Army shoulG complete this survey: If
you are not a Vietnam vet with combat experience, please pass
this survey on to someone who is.

Please fill in the blanks below. Please note that your name is
optional.

* ~~Today's Date ___

Name (optional)

Time in Vietnam: From To

From To

From To

Highest rank while in Vietnam:

Military specialty while in Vietnam:

Age when you left Vietnam (the last tour if more then one:

Did you actually engage in combat? (check one): yes

no

What percentage of your time were you engaged in combat-related
duties?

I
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Part 1 (COMPLETED BY ALL RESPONDENTS). This exercise
familiarizes you with the reponse format to be used in this
survey. Directly below you will notice a line labelled "A":

A. (reference line)
[50]

This line is your reference line--it has the number "50." Below
you will notice 12 additional lines labelled "B" thru "L." Note
that some are longer than the reference line, and some are
shorter. Your task is to i'ay how much longer or shorter the
lines are compared to the first line by giving each line a
number compared-to 50. The longer a line appears to be compared
to line A, the bigger the number you will give it compared to
50. The shorter the line compared to the first line (A), the
smaller the number you should give it compared to 50.

No rulers, please. Just give each line a number that seems
appropriate: If a line seems to be about twice as long as line
A, give it a number about two times bigger than 50--about 100.
If a line appears about one-fourth as long as line A, give it a
number smaller than 50--about 12. Write your numeric estimates
in the spaces provided to the right of each line. Begin below
line A. the reference line, below:

Estimate

A 50

[Reference Line]

B

C

D

E

G

H

13-3
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Part 2 (TO BE COMPLETED BY ALL RESPONDENTS.) Now that you have
practiced the response format wo are going to ask you to
estimate soldiers' combat effectiveness under different
conditions by eptimatincl numbers.- Please review the following
scenario which provides the setting in which judgments are to be

* made :

The year is 1994. Your unit is part of a Light Infantry
Division engaged in a middle intensity conflict in Eastern
Europe. Reports indicate an enemy Tnfantry division is
"approaching. Your orders are to fire on and destroy the enemy
without hesitation.

I The following factors apply for all items unless stated
otherwise.

Combat exp•rience: o months ior everyone in u nit.

Last contact with enemy: 2 weeks ago.
Time of day: Early afternoon.
Weather: Fall. 55 degrees Fahrenheit. No precipitation.
Terrain; Hilly countryside with mixed trees.
Equipment: All operable.
Provisions: Adequate.
Communications: No problem.
Replacements: No problem. Unit strength is 100%.
Aix Shxike and Artillery Support- None expected.
Reinforcements: None expected.
Recent casualties: Light (less than 1%).
Field hospital care: Excellent.

The soldier you will be rating is operating a 25 mm cannon
on a Bradley Fi'hting Vehicle. Read each item carefully and
decide how effective the average soldier would be in combat
given the above scenario and the conditions of each item.
Compare the effectiveness of the average soldier in combat
against the following standard:

A. Reference for "lay time"
comparisons.

[3.0 seconds]

The number "3.0" represents an _.oximate average "lay
time" for a forward-facing target for the 25 mm cannon on the
Bradley during simulaed combat conditions. "Lay time" is the
amount of time in seconds required to get a target in the gun
sight JqUILwing idetification as an enemy target.

If 3.0 is the average "lay time" required for an average
soldier during simulated combat, how much time would be required
of the average sd2oL~j during the gQ7at conditions described in
the items below? If you think three times as tauch "lay time"
wculd be required, write 9.0 (3 X 3.0). If you think only about
one third as much lay ti,nc would be required, write 1.0 in the

B-!)
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space provided, and so on. Please write all lay times to the
nearest tenth of a second (i.e., 1.3, 5.8, etc.).

Go ahead and complete dU of the following items in
comparison to the reference standard. The reference standard is
repeated for the sake of clarity.

INSTRUCTIONS: FOR EACH ITEM BELOW ESTIMATE HOW MUCH AVERAGE
"LAY TIME" IS REQUIRED DURING REAL COMBAT TO GET AN ENEMY IN THE
SIGHTS OF A 25 MM CANNON ON A BRADLEY VEHICLE IN COMPARISON TO
THE AVERAGE TIME OF 3.0 SECONDS FOR A FORWARD-FACING TARGET
DURING SIMULATED CONDITIONS.

I (reference standard)
[3.0 seconds to get target in sight during
simulated combat.]

[PEASE NOTE: IN THE ACTUAL SURVEY PPOTOCOL THESE ITEMS SHOULD BE
PRESENTED IN RANDOM ORDER WITHIN EACH MAJOR CATEGORY. SEPARATE
ITEMS SHOULD BE WRITTEN FOR EACH POSSIBLE COMBINATION OF HOURS
AND DAYS.)

ENDOGENOUS/TRANSITORY FACTORS

Estimated
"Lay Time'

-- 1. Your unit has averaged only 5/3/1 hours sleep in the

last 2/4/6 days.I
2. Your unit has averaged 12/16/20 hours of search and

* destroy operations in the last 2/4/6 days.
U

3. Your unit has undergone 8/16/24 hours of regular
artillery/rocket/mortar bombardment in the last 2/4/6
days.

I 4. Your Bradley vehicle has been separated from your
unit for 2/4/6 days. (Assume firing on enemy target is
right thing to do.)

5. Your unit used to have very high morale. But recently
it has undergone a 25/50/75 % d-op in morale.

6. Your unit used to have very high cohesiveness. But
personnel changes have resulted in a 25/50/75 % drop in
cohesiveness.

H B-6
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Estimated
"lay time"

7. Your unit used to have a very strong will/motivation
to fight. But recently it has undergone a 25/50/75 %
reduction in will/motivation to fight.

8. A soldier has approximately 1/6/12 months combat
experience.

9. A soldier received training 6/12/18 months ago and
has had weekly/monthly/ne opportunities to practice
prior to combat.

10. Your unit used to have good leadership. But
personnel changes have resulted in a 25/50/75 %
drop in quality of leadership from NCOs and
officers.

ENDOGENOUS/ENDURING FACTORS

11. Your unit has an overall average of
84/50/16 on the Armed Forces Qualification Test
(AFQT) on the Armed Services Vocational
Aptitude Battery (ASVAB), which shows above average/
averagebelow average general aptitude in comparison
with other units.

EXOGENOUS/TRANSITORY FACTORS

12. Your unit has been operating in 105/55/-10 degree
(Fahrenheit) temperature for the past 2/4/6
days.

13. Your unit has been operating in 4/8/12 inches of
snowfall a day for the last 2/4/6 days. The snowing
continues at that rate.

14. Your unit has been operating in 4/8/12 inches of
rainfall a day for the last 2/4/6 days. The raining
continues at that rate.

15. Your unit has been operating in fog which limits
visibility to 50/100/200 yards for the last 2/4/6
days.

16. Your unit has been operating in the smoke of battle
that limits visibility to 50/4100/200 yards for the
last 2/4/6 days.
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17. Your unit is operating at 1:00 in the afternoon/
1:00 in the morning/4:00 in the morning.

EXOGENOUS/ENDURING FACTORS

18. Your unit has been operating in MOPP-1/2/3/4 for
2/4/6 days in a contaminated environment.

19. Your unit has been operating on flat/hilly/rough
terrain.

I'

I
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I APPENDIX C
I HUMAN FACTORS SURVEY - PHASE II

The Human Factors Survey on the following pages provides aprototype instrument which can be used to determine therelationship between six or less soldier dimension predictor
variables, on the one hand, and soldier performance, on theother. The survey, which is designed to be completed by activeArmy veterans, defines soldier performance in terms of "lay
time" to sight an enemy using a 25 mm cannon on a Bradleyfighting vehicle. However, the soldier performance task can bechanged to suit the needs of the researcher or modeler. Part 1provides a brief exercise which familiarizes respondents withthe response format. Part II solicits estimates of soldier
performance in response to as many as six human factorconditions for varied time periods. The values for human factorsand time periods are randomly selected for each factor within
logical limits expected on future battlefields.
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i APPENDIX C

HIUMAN FACTORS SURVEY

Phase II

Instructions: Thank you for agreeing to take this suv--ey. Its
purpose is to help determine how much combat effectiveness is
altered by adverse human factor conditions such as loss of
sleep, extreme fatigue, etc. Only combat veterans of Vietnam who
are still in the active Army should complete this survey: If
you are not a Vietnam vet with combat experience, please pass
this survey on to someone who is.

Please fill in the blanks below. Please note that your name is
optional.

Today's date

Name (optional)

Time in Vietnam: From To

From To

From To

L Highest rank while in Vietnam:

Military specialty while in Vietnam:

Age when you left Vietnam (the last tour if more than one):

Did you actually engage in combat? (check one): yes
no

What percentage of your time were you engaged in combat-related
duties?

I C-2
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Part 1 (COMPLETED BY ALL RESPONDENTS). This exercise
familiarizes you with the reponse format to be used in this
survey. Directly below you will notice a line labelled "A":

A. (reference line)
[50]

This line is your reference line--it has the number "50." Below
you will notice 12 additional lines labelled "B" thru "L." Note
that some are longer than the reference line, and some are
shorter. Your task is to say how much lonqer or shorter the
lines are compared to the first line by giving each line a
nm!ber gomjaxrd to 5Q. The longer a line appears to be compared
to line A, the bigger the number you will give it compared to
50. The shorter the line compared to the first line (A), the
smaller the number you should give it compared to 50.

No rulers, please. Just give each line a number that seems
appropriate: If a line seems to be about twice as long as line
A, give it a number about two times bigger than 50--about 100.
If a line appears about one-fourth as long as line A, give it a
number smaller than 50--about 12. Write your numeric estimates
in the Lpaces provided to the right of each line. Begin below
line A, the reference line, below:

Estimate

A
50

(Reference Line]

B -

Cm

D

E
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Part 2 (TO BE COMPLETED BY ALL RESPONDENTS,) Now that you have
practiced the response format we aregoing to ask you to
estimate soldiers' combat effectiveness under different
conditions by estimnating numbersz_, Please review the following
scenario which provides the setting in which judgments are to beI made :

The year is 1994. Your unit is part of a Light Infantry
Division engaged in a middle intensity conflict in Eastern
Europe. Reports indicate an enemy infantry division is
approaching. Your orders are to fire on and destroy the enemy
without hesitation.

The following factors apply for all items unless stated
otherwise.

Combat experience: 6 nonths for everyone in unit.
Last contact with enemy: 2 weeks ago.
Time of day: Early afternoon.
Weather: Fall. 55 degrees Fahrenheit. No precipitation.
Terrain: Hilly countryside with mixed trees.
Equipment: All operable.
Provisions: Adequate.
Communications: No problem.
Replacements: No problem. Unit strength is 100%.
Air• Stik-E a •iUd AL11ery Support: None expected.
Reinforcements: None expected.
Recent casualties: Light (less than 1%).
Field hospital care: Excellent.

SThu soldier you will be rating is operating a 25 mm cannon
on a Bradley Fighting Vehicle. Read each item carefully and
decide how effective the average_, soldier would be in combat
given the above scenario and the conditions of each item.
Compare the effectiveness of the avera' r. soldier in combatagainst the following standard:

i A. Reference for "lay time"
comparisons.

i [3.0 secondsj

The number "3.0" represents an approximate average "lay
time" for a foiward-facing target for the 35 inm cannon on the
Bradley during simulated combat conditions. "Lay time" is the
amount of time in seconds required to get a target in the gun
sight followinq identification as an enemy target.

If 3.0 is the average Ila), time" required for an average
soldier during simulated combat, how muclh time would be required
tor the avei-ac soldier during the co..bat conditions described
in the items below? If you think three times as much "lay time"
would be required, write 9.3 (3 x 3.0). If you think only about

une third as m... .. lay would be required, write 1 0 in the
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space provided, and so cn. Please write all lay times to the
nearest tenth of a second (e.g., 5.4, 1.8, etc.)

Go ahead and complete -all of the following items in
comparison to the reference standard. The reference standard is
repeated for the sake of clarity

INSTRUCTIONS: FOR EACH ITEM BELOW ESTIMATE HOW MUCH AVERAGE
"LAY TINE" IS REQUIRED DURING REAL COMBAT TO GET AN ENEMY IN THE
SIGHTS OF A 25 MM CANNON ON A BRADLEY VEHICLE IN COMPARISON TOTHE AVERAGE TIME OF 3.0 SECONDS FOR A FORWARD-FACING TARGET
DURING SIMULATED CONDITIONS.

* (reference standard)

[3.0 seconds to get target in sight during
simulated combat.3

[PLEASE NOTE: THE ACTUAL SOLDIER DIMENSION FACTORS (FACTOR
ONE, FACTOR TWO, ETC.) WHICH WILL APPEAR IN THIS SURVEY WILL BE
DETERMINED BY PHASE I RESULTS. VALUES FOP TIME PERIODS (fIME
FACTORS) AND SOLDIER DIMENSION FACTORS (FACTOR 1 VALUE, FACTOR 2
VALUE, ETC.) FOR EACH ITEM WILL BE DETERMINED BY RANDOMLY
SELECTING VALUES FROM RANGES APPROPRIATE FOR EACH. (SEE ACTION
PLAN IN ETUDY REPORT FOR DETAILS.) A TOTAL OF .00 ITEMS WILL
APPEARq !N THIS PORTION OF it'ith LUJRVEY.

Estimated
"Lay Time"

1. During the last TIME FACTOR days your unit has averaged
* only:

FACTOR I VALUE for FACTOR ONE.
FACTOR 2 VALUE for FACTOR TWO.
FACTOR 3 VALUE for FACTOR THREE.
FACTOR 4 VALUE for FACTOR FOUR.
FACTOR 5 VALUE for FACTOR FIVE.
FACTOR 6 VALUE for FACTOR SIX.

2. During the last TIME FACTOR days your unit has averaged
only:

FACTOR 1 VALUE fcr FACTOR ONE.
FACTOR 2 VALUE for FACTOR TWO.
FACTOR 3 VALUE for FACTOR THREE.
FACTOR 4 VALUE ior FACTOR FOUR.
FACTOR 5 VALUE for FACTOR FJVE.
1FACTOR 6 VALUE fol- FACTOR SIX.
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I 3. During the last TIME FACTOR days your unit has averaged

ony
FACTOR 1 VALUE for FACTOR ONE.
FACTOR 2 VALUE for FACTOR TWO.
FACTOR 3 VALUE for FACTOR THREE.
FACTOR 4 VALUE for FACTOR FOUR.
FACTOR 5 VALUE for FACTOR FIVE.IIFACTOR 6 VALUE for FACTOR SIX.

4. Etc.
5. Etc.II 100. Etc.
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i APPENDIX D

This study report has been coordinated with the following
I agencies:

Academy of Health Sciences (Behavioral Sciences Department)
Army Research Institute (Dr. Headley)
Deputy Chief of Staff for Personnel (DAPE-MR 'Rm 2C733, LTC
Hewitt)

Directorate of Combat Developments, Soldier Support Center
(Analysis Division)

HQ Lab Command (Ms. Van Nostrand)
Office of the Surgeon General (COL Belenky, Walter Reed
Institute of Research)

TRADOC Analysis Command:
Requirements and Programs Directorate
Research Directorate
Technical Operations Directorate
TRAC-Fort Leavenworth
TRAC-Lee
TRAC-Monterey
TRAC-White Sands Missile Range
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Figure F-2

Review of Effects of Soldier Dimensions on Soldier/Unit Performance

FACTOR EFFECTS ON PERFORMANCE

1. SLEEP LOSS 1. Cognitive performance begins to
(Continuous Operations degrade after 18 hours of
(CONOPS) Final Report, continuous performance.
De Wulf, 1987). 2. Soldiers become militarily

ineffective after two or three
days of no sleep (48 to 72

3 hours.)
3. Generally, less than four hours

of sleep each night leads to
rapid decline in =ilitary
effectiveness.

4. Decision-making and leadership
capabilities are among the most
affected.

5. Performance of physical tasks is
not generally affected by lack
of sleep - but no sleep requires
longer periods of recuperation.

6. Alertness varies as a function
of time of day (called circadian
rhythm cycle). Soldiers will be
most alert between 1800-2130
hours--and least alert from
0400-0600 hours.

2. FATIGUE* 1. Cognitive abilities begin to
(Effects of continuous degrade as soon as 18 hours into
operations ICONOPS) on sustained operations. Declining
Soldier and Unit Performance: performance, which often takes
Literature and Strategies the forn of sacrificing speed
for Sustaining the Soldier for accuracy, are most
in CONOPS, Belenky, et. al., pronounced during early
1987. morning (0300-0600) hours.

Ii

Studies which concern fatigue differ from those which
concern sleep loss in that the former entail continuous
or semi-continuous work under no sleep or limited sleep
conditions. Persons interested in a comprehensive review
of how sustained work, fatigue, and sleep loss impact on
performance should review Krueger (1989).

I
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FACTOR EFFECTS ON PERFORMANCE

2. Cognitive pirformance following
semi-continuous mental work
(working 30 minutes out of every
hour) declines approximately 25%
for every 24 hours of work
without sleep.

3. Cognitive performance following
continuous brigade headquarters
work (message trafficking and
information processing)
declines 30% for every 24 hours
of work without sleep.

4. Cognitive performance following
continuous "patrolling" declines
with each 24 hour period up to

65% (only 35% effective) after
72 hours with no sleep.
Soldiers in the field are
militarily ineffective after 72
hours with no sleep.

5. As indicated above, the axunt
of reduction depends on tne task

S~requirements. However, a
general rule of thumb is that a
75% reduction is expected after
72 hours of work with no sleep.

6. Performance of physical tasks
(loading a magazine or marching)
degrade much less rapidly than
mental tasks.

7. Well-practiced, routine motor
tasks degrade much less rapidly
than those which require
alertness, concentration,
reasoning, or encoding/decoding.

STRESS (Israeli Battle Shock 1. Because of reaction to the
Casualties; 1973 & 1982, stress of combat, estimates
Belenky. et.al, 1983; A from the Korean War suggest
Conceptual Model of Behavior that as few as 12 to 20% ofUnder Stress, with Implica- the men in a unit might function

F--9
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FACTOR EFFECTS ON PERFORMANCE

tions for Combat Training, with maximum effectiveness; as
Kern, 1966; Management of many as 25 to 35% will vacillate
Stress in Army Operations, between borderline and effective
FM 26-2, 1983; A Study of performance; and as many as 45
Human Factors that Affect to 65% will not provide any fire
Combat Effectiveness on the support activity. (Some source
Battlefield, Marashlan, 1982.) argue these estimates -

especially the latter - are
inflated. For this reason,
these statistics should be
applied with extreme caution).

2. Nonproductive behaviors likely
to be encountered on the
battlefield include forgetful-
ness, losing equipment,
excessive talking, "bugging
out," failure to maintain
weapons, refusal to leave a
position of safety, or doing
something which gives away a
unit's position.

3. Frequent psychological reactions
to combat include active with-
drawal, malingering, defensive
overreactions (firing weapons at
"imaginary" enemy soldiers), and
hysterical incapacitation.

4. Stress casualties during
conventional (non-Nuclear,
Biological, or Chemical)
combat could vary between ratios
of 1:4 to 1:3 of stress
casualties to wounded in
dcticn. Approximately 75t of

the stress casualties can be
returned to duty within 72 hours
(given proper psychiatric
intervention).

5. Cumulative efforts of 80-10 or
more days of frequent combat
make soldiers moze vulnerable to
stress reactions that reduce
combat effectiveness.
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II
FACTOR EFFECTS ON PERFORMANCE

COHESIVENESS (A Study of Enhanced cohesiveness will likely
Human Factors that Affect result in greater soldier morale,
Combat Effectiveness on lower stress casualties, and
the Battlefield, Marashian, increased combat effectiveness.
1982).

MORALE (Israeli Battle Units high in morale will have lower
Shock Casualties: 1973 psychiatr-ic casualties and increased
and 1982, Belenky, et.al, combat effectiveness.
1983); Management of
Stress in Army Operations,
FM 26-2, 1983).

WILL/MOTIVATION (Effects 1. high levels of mctivation will
of Continuous Operations improve performance--even under
(CONOPS) on Soldier and sleep-deprived conditions. (But

Unit, Review of the no amount of motivation will
Literature and Strategies completely counteract the
for Sustaining the Soldier effects of sleep loss.)
in CONOPS, Belenky, 1987;
Management of Stress in 2. High levels of mnotivation will
Army Operations, FM 26-2, reduce stress casualty rates.
2983).

EXPERIENCE (Model Soldiers experienced in combat will
Effectiveness as a Function be more effective in combat than
of Personnel [ME-f(PER)I, inexperienced solicers.
Van Nostrand, 1986).

COGNITIVE FACTORS (Report Soldiers highei in mental capability
from the House Appropria- (as measured by AFQT sco.res) perform

Stions Committee, from better on SQTs and in training, and
briefing slides presented are better able tz, perform some
at a SPRAR meeting, Jan, combat skills (such as accuracy with
1989; Are Smart Tankers M2 Eradley guns and proliciency
Better, Scribner, et.al, during simulated tank warfare). How-
1986; A Natural Experiment ever, many questions remain

Analysis of an Almost regarding how mental ;apabilivy
Unselected Army Population; affects unit readiness or ability to
Shields and Grafton, 1983). fight. (This is a very ronCro-

versial area. Many arcua the cost
of recruiting "smart" soldiers is
exorbitant compared t3 relatively
meager gail.s which co'ild be expected
on the battlefield.)

I



FACTOR EFFECTS ON PERFORMANCE

WEATHER (Mode). Effective- Extremes in heat will likely result
ness as a Function of in degradation of physical work,
Personnel [ME=f(PER)], while extreme cold temperatures will
Van Nostrand, 1986. degrade fine manual dexterity

performance (manipulating knobs,
switches, etc.). Humidity causes no
direct performance degradation, but
it magnifies the effects of heat.

TERRAIN (Continuous Rough terrain, such as a denseOperations Study (CONOPS) jungle or mountainous areas, can

Final Report, DeWulf, 1987; contribute to fatigue and, thus,
Model Effectiveness as a degrade performance.
Function of Personnel
[ME=f(PER)], Van Nostrand,5 1986).

SOLDIER LOAD (Effects of Amount of load soldiers can/should
Continuous Operations carry varies with missien recruire-
(CONOPS) on Soldier and ments and the combat scenario. But
Unit Performance: Review excessive load leads to fatigue,
of the Literature and physical discomfort, and degradation
Strategies for Sustaining of combat performance.
the Soldier in CONOPS,
JJ1..1GIAXY, 1987. )

i TRAINING (A Study of Human All other things remaining equal,
Factors that Affect Combat Armies with well-trained small units
Effectiveness on the will prevail on the battlefield.
Battlefield, Marashian, Over-learning and cross-trainini
1982; Effects of Continuous particularly help the unit maintain
Operations (CONOPS) on maximum combat performance during
Soldier and Unit Perform- highly stressful conflicts and
ance: Review of tha when soldiers might be called on to
Literature and Strategies perform several tasks.
for Sustaining the Soldier
in CONOPS, Belenky, 1987).

ALTITUDE (Model Effective- Thin air in high altitude areas3 ness as a Function of could result in performance
Pe-sonnel [ME=f(PER)], decrements. Also, high altitudes
Van Nostrand, 1986). are likely to impact on helicopter

crew performance, and on flight
crews in general.

LEADERSHIP (A Study of Units with better leadership are
Human Factors that Affect generally more eftective in combat.
Combat Effectiveness on

I



FACTOR EFFECTS ON PERFOhMANCE

the Battlefield, Marashian,
1982).

VISIBILITY (Model Combat efficiency is 3ikely to be
Effectivenesss as a degraded during periods of reduced

i Function of Personnel visibility (i.e., from night time,
[ME=f(PER)], Van fog, rain, or snow. NOTE: Problems
Nostrand, 1986). such as eye strain with night vision

equipment limits soldier
effectiveness during night-timeoperations.

SUPPRESSION/NOISE (A By definition, suppression that
Study of Human Factors that results from incoming artillery,
Affect Combat Effectiveness rocket, missile, etc., attacks
on the Battlefield, weaken combat effectiveness. The
Marashian, 1982; Model psychological impact of heavy bom-
Effectiveness as a runction bardment can result in reduced task
of Personnel [ME=f(PER)J, performance, failure to return fire,
Van Nostrand, 1986). purposeless behavior, and battle

fatigue, all of which are counter-
productive. Just the noise alone is
sufficient to dearAde .erf....nce
which results from poor verbal
communications.

CONFINEMENT/ISOLATION Confinement to even very limited
(Model Effectiveress as a space, such as a tank, should not
Function of Personnel significantly affect performance for
[ME=f(PER)], Van Nostrand, periods of less than 48 hours.
1986; A Study of Human Thereafter problems with reduced
Factors that Affect Combat circulation and complex monitoring
Effectiveness on the tasks might occur, although no
Battlefield, Marashian, deficits result with psychomotor,
1982). perceptual, and intellectual tasks.

Isolation from a group can result in
significant performance degradation
as a result of extreme emotional
reactions.

NATIONAL CHARACTERISTICS Several authorities have hypothe-
(Model Effectiveness as a sized that combat effectiveness
Function of Personnel varies with nationality; neverthe-
[ME=f(PER)], Van Nostrand, less, the predictive value of such
1986). information has not yet been

conclusively demonstrated.

FI1
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FACTOR EFFECTS ON PERFORKANCE

TOXICITY (Effects of Performance of military taskv while
Continuous Operations soldiers are in Mission Oriented
(CONOPS) on Soldier and Protective Posture (MOPP gear,
Unit Performance: which protects soldiers against
Review of the Literature contaminants in the environment)

I and Strategies for clothing is decreme•rted due to the
Sustaining the Soldier heat-containing and bulky nature of
in CONOPS, Belenky, et. al., the suit. Accuracy in performance ofI 1987; Assessment of the military tasks (ioe., firing the
Effects of Heat and NBC howitzer) is usually maintained at
Protective Clothing on the expense of speed. Hot and/or
Performance of Critical humid environments can limit
Military Tasks, Fine & endurance of tank and howitzer crews
Kobrick, 1985) for example, to approximately 3 to

17 hours. However, frequent rest
breaks, suit changes every six
hours, food, and 6-hour sleep
periods can allow infantry fighting
vehicle crews to last up to 60
hours. MOPP gloves present problems
witi. manual dexterity tasks. Even
cognitive functioning (speed and
accuracy) deteriorates rapidly aftpr
only 4 or 5 hours in MOPP gea: in a
moderately hot (910 F)
environment.

I' II
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Techniqu•e Used to Measure Soldier Diaenjions And Performance

Soldier 1ow Soldier
Source AD _io.RerforuncO How Masured

PF14 & Tolicity i Hours (7-8) Cogr|tlve J. Computstlob of trajectory ofKobrIck, best In W3PP-4 at pdrforwanc. artillery rouads reefivinl.2985 various (55, 2. Decoding mp grid coordinates
70, & 310 F receiving.
ttmperatueos 3. Decoding msuage#

4. Pivtting targets on up and
deteralning range and
deflection.

A. E. Training AhTRPs L.. I..
McMichkel (Ait

& Issoci- eflectivi-
ates, no nell)
date.

1b."tin. Fatilue NradaIll N. I,.
1981 (Physucal) grades ore

selected

ed heart
pates of I10
to 170 beat#
a Rinute,

IWrtin I Fatigue Percentafes I.A ,LA
Oaddis, (PMysical) (25,50,k 75)
1981 of mximal

oxygen up-
take 1102
seax) achieved
during peoror-
mance on a
mchanically-
braked cycle
ergometer.

Stamper, Fatigue Physical #.A. LA,
•78 (Physical activity

questionnaire
(utillzeo a

F-1
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Techniques Used to holuro Soldier Dimensions And Performance

Soldier How Soldier
source .. mension . euaured Ferf ormane 3o2 I aure

Likort scale
of I to 5 to
access dogroe
of fatigue
across le

IyL?tOr

James, it. Training Skills 9uali- Ability o" AW'1P
&l, 1983 (individual ficationg un•t to3o ldier's Toot (SQT: perform, TOU

ability reliability aission under
to Porforbi coefficients uimulateod3l"itary art too combAt
specialty) nuzrous and conditions.

varied to3 mon'ion.)

el ,.-... , Tl1ilty Niired by a Ferformance Questionnalre CiAh solicited
,t.al, no questionnaire with artillery, estitmtes of t.m reuiuzrd to

date. whicb present- tank crew, perform different tuaks (fiven
,d r•anes of TOWIT , crew, diiferent radlatlon sy~tom).
syiqtom aid fire
associated direction
witt differ- center.
ant levels of
radiation

Tooang A Toxicity Defined by a Perforance of Questionmaire wbict solicited
hMon, no (radiatiop) quiestionnire tank crows response tints required to per-
date. wbich present- (WO03). form different tasks,. (ppared

ad ranges of hovitzer, TOW on sae qgwtionnm1re listed
symptong vehiclos, and under 'Hon Measured').
associated fire direction
witb differ- centers.
int levels of
radiation
exposure.

3 VaVailN. J,, I. Armor crew 1, Table VII (tank .reow qulifi-
lostrind, perforunc,. cations on gunnery tests.)

2. Oeneral unit 2. hrsv ?railoing Evaluation
0ffeoctivene. Mrorm (A1TM).*l :

Im ll l ,l lmml n ll m



M!URE F-3

Techniques tised to 11agurs Soldier Dimanelons and PerforMance

Soldier How Soldier
SO)Ece Vi~ention Millured- PLE192fiaan low 114wued

lkiner I Sldier Load Founds (Ibe) I., 1.A.
Kunz, 1980 of equipment

and supplies
carried by
ligvh infamtry

soldiders.

Van Sloop Loss Informal 1.1. u.A,lostrand, QU61tionnAlre
INS8 (Respon~si

solicit Infor-
sation regard-
ing numberg of
Lou?$ spent
sleeping and
working a 24-
bour period
during

combat,

Harlon & Cold leatbor Doere.s InflAtry per- 1, AJm ersuits,
Hickey, Ihprenblit foraat'ic dMring 2. Qetionaires elicitedI1l08e (-80 to #N4 krctic training reMponse on a I (Very

degrees) (testing poor) to 5 (excellent)
experlunta; scati reg•rding qu4litySequipmUt) of equipmhnt.

Aarlon A Soldier Load higt~ of a Infantry I. am results.
ilckly, load carrying perfornnte 2.,Quetonnaires elicited
1980. vest, ad during Arctic responsoe on , I (very poor) to

field pack. training 5 (excellent) ea&e] regarding
(toeting quality of equipunzt

equipwrnt).

3 Scott, ,A. 1&. 1kneuvor-armas OiJo Do's based on *571?
1984 unit perfowr- standard#.

ancoe during
tactical
exercises.

I
I



TecbniqU#u Used tc; lkaguro Soldier Dimenoion, and Performance

Soldler How Soldiir

I~dlud b Leadership I. Loadership Aj.
Samrn, CharActair-

1Q51 Istict
ITIVentory
(Conlist~s 0!
1150 multipl,
and forced-
Choic# Paired

2.kncoinls-
sioned Officer
L:-adernbi p
Aptitude rt

global rating
regarding bow
individual is
ranked aA
e1AdW by his

peers i~d etipor-
lors.)

Boltnky, Sleep lou kusbe? ol Cognitive Vus~irdioM lte*Lal, And fatigu? continuous Pert orunce beatrct, a4dition logical31987 bou?,m (72) MUV .4, OWY $trial
WithMu sleep 4Li' .'" and subtroction,wyder SOR2, PattJa recognition, whal~acontinuoi'a ftrk processing, and vgilancs.

conditions

Polenly, Sleop logo Nuzber of Tar,, MWe Tasks Dsaziued Includeeta],, And fatigue contincoue performace Cournication, driving,1Q87 hoL(Ps (43) survi1ance, gey n
gwithout deeop aajisntenre.
under cot'n-
uous vurk
moidl tiorag3 Peulf, Sleep logo JImber Of Cognitive Wtas required pro.-sasial of19' nrtijgu c!Ont Inuoux (brigade head- mess0ages And Wnoimti;r,,j
(54) bours quartorsI
without slisp peioforzancq
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Techniques Used to Ihasure Soldier Dymnsions and ?.riormunce

Soldier How SoldJo r

unwder contin-
UOuS work
vonditions

Krueler, Daoe not Doe# rot The NAval 1. Cognitive tests. Tests1987 apply Appiy 11rospAce reoonIng, 1maoly, perceptual
irdIcal speed, visual ioernil, And
!eboarch Lab other abilties.Nulti-

disciplinary I. Visul" tests. Telts
plrformncf acuity, detection skills, andtest battery vioul aenolti~~tila, witg

i ~ other abilitiea.

3. Iccoustical testo. Teatsi audtory sensitivity and

perception, and clarity of
sposeb, atmont others.

4. TMetibular tests. Tests for
balance, y1 t?•CrkIA, and
motion micknos, among otherm.

S. Physical Performance teots,
?$Its for muscular strenstb/
endurarce, Cardicrelpiratory

fumctioning, a4d urifalysis,
amog others,

Sterling, Con)iion Armd Foýcas Tank crew T IaIl 711, Gunnery Qualiflcg-no date Qualification weapons system tion regults
Test and performance
othe? composite
scores frcm the
Irmd Services
Vorational
Iptitude
Battery

i ognition Armad Forces Tok crew Table 7III, Ounnery Qualifies-
4uaiificAtIon ma4pon system tion results
Toot prsformnco

loss, N85 yatitu? I. Stanford . Dat ntry . Act;racy of ! digit entry
Sieoj.4eas or computerScale

I
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Tecbnquets U1ed to Measure Soldier Dimensions and Performance

Soldier sow Soldier
souref Jimnelon - Mtlurtd t f~rforngt How valungI

2. Question- 2. Cognitive 1. Oratical rtaoning,
nalre for abilities
Subjective 2. Willlau fork ry
Syzptomf of

Fatiluz 3. Digit Addition

3. Perceptual . Auditory reaction tiae

Visual react~on time

4. Sensory Two-point auditory discriuzna-
Acuity tion

5. motor 1. hesponse alteration,
SSk ll s performance (tapping)

2. Ulnd steadiness

wrajbign, yatigut Defined by Combat Likert scale questionnaire
1982 statements in effectiveness administered to combat veteras.

a question-
halre

Marashian, Combt Defined by Combat Likert scale questionnaire
1982 experience statefnts in effectivenes adainistered to coebat veterans.

a question-
naire

_arasbiat, Leadersbip Operationally COlat Questionnaire (Likert Scale of 1
1982 defined by effectiveness (strongly agree) to 5 (strongly

statements in disagree). Admini~tered to
a question- combat veterans.
naire.

MArublan, Training Oprationally Combat Likert ocale questicnnaire
1982 defined by effectiveness a&dinlstared to combat veterns.

statemente in
a questionlaire.

Marashbitn, Stress (Abil- Defined by Combat Likmrt scale qtuetiobnaire
1982 Ity to with- statements In efectiviness adjanigter*6 to combat veteras.

stad fire a questionnaire.
and poewl-
bility of
survival).

I
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Techniques Useo tc Measure Soldier Diwnsions and Porforuance

Soldier How Soldier
Souce ilmnalo Mesue Prpmn ow Nesewred

eavaco, Stress 1. Recruit Ii. I...
et.al., Stress Scale
12803 (relI Wlb i ity

- .82; foploysIa Likrt I

(very little
itress) to 5
(very such
Elemss, scale).

2. DI Stress
Scale (rolia-bility 2 .84;

empoys a 0 (no
stress) to 9
(great deal of
stress) #call.)

3. Je.kinsIActivily Survey.

Vian Nogtred, Slep lo0# QuestioDaSre ~iP .I...
no date. whieh asked

respondentsa the
nuxbor Of hoLT,

they expected
to work and
sleep during

combat.

Valker and Cognition and Cognition: Tube-laucted I. M7O Score--a Naure of TON91ith, no loadership 1. 9syebom- (optically- trAcklng ability.
date, tor - one and tracked.

two band wire-guided 2. Liv6 fire TOW parforunnoe.
tracking tests. alsilie

2. Special performance.

abilities -
Orlentotion
I Wses tests.

3. Oeneral
aptitude -

F-:,I
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-niquea Used to M•aure Soldier imnelions and Forlo•AUnCe

Sollier How Soldier

General Tech-

nical (GTI
score froa the

II Arrd Services
VOcatIona:
Aptitude Battery.

4. Leaderbsip -

Asse8m8ent of
Background and
.Life rNperiences
'04) Test.

Wa!ter gold Will Soldier Will Rh. .A.
Institute of Sw'vey (fenw--
Research, no tic differential
date. and LWkert scales

are used to igater
infor-ation about
feelings toward
the unit and

battalion).
Slebold, Cohesion Qulitionnaire N.A. V.A.
1987 on Combat

Platoon Co-
heslon (Inc!.Ude
ratings of
vertical and

borizonta! bond-
ing. Reliability
coefficients .7
to 0.8)

Xnudson, Cobosion Company Forcep- I. I.A.
It.C•., tions Sý,i, l
1985 (33-item question-

noire which uses
a I (strongly agree)
to I (strongly

disagreo) scale.

Braun., 198 Coheaiu !. Compiny N.A.
Com~d,~s



I

TechnIques Used tc. iemure Soldier DIjulons anu Performance

$oldier Now Soldier
~~ Pp~~2rfounifc ~ Maue

Survey (ques-
tion-&nswr
And chicklIst

formats.)

I2. Individual
survey question-
jiare (uWit

checklists and
semantic differ-
ential ttcbnique.)

SIebold & Cohesion Eorizontal IA. I.A.
Xelly, 1Q87 (For all Affective Scale Oplanizatloral Affective - First

thein scaleu, (reliability z Tersrs (reliability .95)
subjects ,88), Organusatloual dectlve - Lead-
respond to Horizontal fro (reliability .45).
4iLo nto Affective Leoaors
regarding (reliabil;ty u
cohesive- ,M72.
ness.) horizontal

Instruvent
(reliability a
.82).

vertical Affective(reliability

Instru-

mont (reliability

' .90).
Organizational
Affective - Pride
(reliability
.85).

Oriffith, Cohesion & Unit CobosiiO: I.A.LA
1987 morale and oralo

Scale (dasurte

copMany combat
confilence, senior
command confidence,
imall-unit comandor
c~nfidence, concerned
leadership, sense of

F-21



I
FIOURE F-3

Techniques Used to Measure Soldier Dimenslon# and Performance

m Soldipr Ncm Soldier

soucrc Dmenoion Measured Prf ormance Bow lkega'd

pride, unit socal1
Climate, And Unit

teamwork. eliability
coefficients range
from .82 to .91.
Validity of sca"
established by
feacor analysis.)

Manning Cohesion Measurement of I.A. N.A.
1980 Cohesion Scale

(questionnaire
assigns 2,1, and
0 points for
high, low, and
zero cobesion
responses.
Reliability
coefficient i
.98. Higher
cohesive Beare$

for Small group
i vs large groups of

soldiers is offered
as evidence of
validity.

Sterling, Leadership Leadership Effectiveness Evaluation questiolnaires.
1984 Survey of units

(requiroe
res.onse from
I to 5 regard-
ing frequency of
occurrence of
rating from
below average
to above
average.

Capretta, Stress I. Sublective Ass••blage Tin to perform task.
itll. Stes Scale and disausoe-
190 (a quantified blage of 91

objectivt rifle.3 checklist.)

F-24
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Figure F-4
Experimental Objectives and Statistical Anaiysis

Techniaues Used in Soldier DimensioDnStudies

STATISTICAL

FEXPERIMENTAL OBJECTIVE METHODOLOGY

Martin, 1981 Comparison of actual and per- t-test
ceived tolerance to prolonged
physical exercise across treat-
ment (no sleep) and control
conditions.

Martin & Comparison of actual and per- t-test
Gaddis, 1981 ceived fatigue across treatment

(no sleep) and control conditions.

Stamper, Prediction of physical endurance Pearson product
1978 from human factor information, moment correla-

tions and multiple
step-wise3 regression.

Horne, 1986 Prediction of weapons performance MulLiple
from human factors inputs, regression.

Marashian, Analyzed survey data to determi, e t-test, factor
1982 relationship between human analysis, Pear-3 factors and combat effectiveness; son product

and relative importance of moment correla-
different human factors. tion, Spearman

rank correla-
tion.

Fine and Comparison of mental performance Factorial analy-
Kobrick, across hot and MOPP vs Control sis of variance.
1985 conditions.

Angus and Compared progressive cognitive Analysis of
Heslegrave, performance declines as a variance.
1985 function of time of continuous

work with no sleep.

Siegel, Determination of relationship of Impact vector
et.al., 1980 multiple human factors with model & progres-

soldier performance. sive degradation
function (See
pages 53-57 of
original source);
and multiple
regression.

5 F-25
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Walker & Prediction of soldier performanca Multiple
Smith, no (M70 TOW Simulator) from track- regr:ession.
date ing/spatial and General3Technical scores.

Braun, Prediction of cohesion from Factor analysis
1983 multiple unit variables. an. multiple

_ regression.

Novaco, et, Comparison of successful vs Analysis of vari-
al., 1983 unsuccessful Drill Instructor ance, analysis of

marines across psychological, covariance, Chi
behavioral and physloluqjcal square, and Pear-
variables. son product moment

coefficients.

Storm, Comparison of sleep and fatigue Factorial analysis
1980 prior to, follo.aing, and during of variance.

30-hour continuous airborne3 mission.

Haslam, Cp..-iioI of cognitive Analysis of
1985 performance of treatment variance.

(limited sleep) vs controls.

Scribner, Prediction of Ml tank crew Mu-tiple
et.al., performance from human factors. regression.
1986

Tziner & Comparison of tank crew perform- Factorial analysis
Edner, 1985 ance as a function of ability of variance using

and motivation of crew. multiple regress-I ion.

Sterling, no Relationship of tank crew Pearson product
date performnance with ASVAB and other moment correlation

human factors. and Chi square.

Wallace, Relationship between tank crew Pearson product
198? performance with ASVAD variables, moment correlation

and factorial

analysis of
variance.

El]i-i, et. Comparison of beginning and end- t-test
al., 1986 ing tank pertorinance levels with

intervening simulated CONOPS in a
con tai:iinated environment.

F-2 6
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STATISTICAL

Van Comparison of survey responsec Visual inspection
Nostrand, * regarding "guestimates" of sleep of means.
no date during combat conditions for

differences in duty position,
specialty, rank, and echelon.

I* How much do soldiers sleep?

Griffith, Determined relationship between Correlation
1987 cohesion and weapons (M16) coefficients

qualification results. (specific
technique notspecified in

report).

Manning, Determined relationship between Spearman rank
1980 cohesion and multiple performance correlation.

measures (ARTEPs, SQTs, etc.) of
several Army battalions.

Young and Compared estimated soldier Two-way Anova and
Auton, no performance decrements as a Newman-Yeusl.

function of severity of radiation
sickness and physical demands of
task.

Glickman, Determined amount of variance in Step-wise multiple
et.al., no soldier performance degradation regression.
date that was explained by six physio-

logical factors associated with
radiation exposure.

I
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APPENDIX G

ATRC-B 1 April 1990

MEMORANDUM FOR RECORD

SUBJECT: Significant Staffing Comments Not Incorporated intoI "Soldier Dimensions in Combat Models"

1. Significant staffing commants not incorporated in the report
follow. These staffing comments were added to the study report
at Appendix G.

a. The literature search was too limited in scope. This
shortcoming is a practical limitation which is due to limited
resourcing (originally .5 PSY). Realization of this problem
compelled us to limit our consideration to studies conducted
within the last five years. While every study conducted within
this time frame is not referenced, we feel those which are
provide a representative :ross section of work being done in
this area.

d. s ; •- _a s desirable th.n aac actual t1 t1-ia C ,
simulated environment. Testing in a simulated environment was
added as a methodological option. Advantages and disadvantages
of these and other alternatives are provided in Appendix F of
the report. The survey method should not be dicarded because it
provides an element of realism that is missing from other
methologies. Also, many different combinations of human factor
conditions can be more easily manipulated with this option than
with others.

c. The Vietnam Veteran sample is inappropriate because

(1) It is a highly biased sample. Neither simulations,
nor wargames, nor study of battlefield conditions will--in and
of themselves-- inculcate a comprehensive understanding of the
stark terror of real battlefield conditions. Given the fact
that surveys are used to determine the relationship between
human factors and soldier performance, we can think of no other
group that Wc.Uld be more appropriate.

(2) It is hardly representative of unseasoned troops
facingj hostile fire for the first time. Combat experience is
one of the human factor conditions which is varied on the
survey. Given the fact that surveys are used, we can think of
no better group to ask than comabat veterans who have first-hand
knowledge regarding behavior of unseasoned
troops.

G-1



I

U (3) The lapse of time since the Vietnam conflict.
Traumatic events arc less likely to become "fuzzy" with the
passage of time than routine experiences. Embellishments will
be minimized by the strict adherence to a very specific response
format.

(4) Significant differences cxist between Vietnam and
other battlefield scenarios. Although differences do exist,
the American soldier in Vietnam experienced many of the sameI conditions, such as sleep loss, fatigue, severe stress, and so
on, as our soldiers will face on future battlefields. The
impact of different scenarios on human factors and soldier
performance is deserving of future study.

d. The proposed Human Factors Model (Figure 4-2) is
arbitrary and of questionable validity. This model was
presented as a conceptual scheme to be used to ctlassify human
factors until a future validation study can be performed. The
report outlines a factor analysis procedure to be used in

I providing evidence (or lack thereof) of validity.
Characteristics of the final model should reflect factors which
emerge naturally from the data, rather than preconceived notions
about what form they should take.

e. The study failed to address the Rpnsitivitiec of
different models to changes to inputs which might be altered as
a result of performance degradation. Neither does it take into
account the fact that model processes might have to be improved
to adequately portray human factors. investigation of these
areas was beyond the scope of the present study. KnowledgeUI
regarding the extent to which soldier performance is expected to
vary needs to be addressed before the determination can be made
whether changes to model inputs will be large enough to effect
model outputs of various models. The same can be said for
determination of changes required in current models.
Nevertheless, these are very important points that require
future study.

f. The study assumes a linear relationship exists between
human factor predictors and soldier performance. The
methodologies (factor analysis followed by multiple regression)
were selected because they provide a means to deliver an
equation which would adjust soldier performance in view of
different combinations ot huwan factor inputs. If relationships
are nonlinear, data transformations such as natural logs, square
roots, and reciprocals can usually be used to coax data to
linearity. It transformations fails to work, curvilinear
regression can be used.

g. The Bradley Fighting Vehicle used on the survey did not
exist during Vietnam.

-(1) The Bradley is only one ul lid a weapons systems
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that could be used on the survey. The report clearly states
that other systems could be used, as long as outputs from the
system serve as significant inputs to models. (Inputs must be
"significant" in that their changes would make a difference incombat outcomes.)

(2) This study gave rise to two conflicting needs: The
need to use war machinery portrayed in current models versus the
need to draw on the experience of soldiers with first-hand
combat experience. This presents a delimma. If we use Vietnam
era equipment, results will not have relevance to present
models. But if we use current eqil pment, Vietnam veterans
probably have not used it--at least not in Vietnam. The use of
the Bradley is seen as a compromise between these needs. The
problem of lack of experience is mitigated by the use of only
veterans on active duty status. Most have sufficientI familiarity with the Bradley and with weapons firing in general
to be able to provide estimates of performance degradation using
the Bradley.

(3) Judgments regarding weapons performance are made
relative to the average weapons firing performance for the
Bradley. For this reason, lack of experience with this
particular system is not nearly as significant of a liability as
it would be if absolute juddgments were made.

(4) Finally, anyone conducting research in this area
will be faced with this problem. But if only soldiers in a
specific MOS were used who have training and experience with a
specific weapons system, like the Bradley, results can be
generalized only to that group of soldiers, rather than to
combat soldiers in general. This approach would require
separate studies for every major weapons systems, which would
probably become obsolete before studies were completed. The use
of a broader combat soldier sample which requires respondents to
make judgments relative to average performance on a familiar
weapons system is the preferable method.

h. The erroneous assumption is made that the frequency that
different human factors are cited in current literature
(depicted in Figure 4-1) provides an indication of the
importance of each factor in explaining soldier performance.

i Figure 4-1. provides only a rough indication of the extent to
which different factors are cited in current literature. The
assumption of relative importance here is made only in a
literary (i.e., factors mentioned more often are probably
considered more influential in the collective mind of the
military establishment), rather than an analytic, sense. This
information was gathered as background for EEA#6, which provides
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importance of different human factors.

DR. PHILLIP L. VANDIVIER
Operations Research Analyst
TRADOC Analysis Command-

Fort Benjamin Harrison
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